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Recent education reforms have focused heavily on increasing academic rigor for 
secondary students attending public schools with a goal of improved academic outcomes 
for all students. A common practice for increasing rigor school-wide is the adoption of 
college-level curriculums such as dual-credit, Advanced Placement, and the International 
Baccalaureate in U.S public secondary schools.  
This study examined the relationship between the implementation of one or more 
college-level curriculum(s) in a public secondary school and overall student academic 
achievement. Academic achievement was measured by student performance on the 
Washington state standardized End of Course exam in Biology and the Smarter Balanced 
exams in English Language Arts and Mathematics, while controlling for demographic 
difference between schools (N = 559). Additionally, this study examined the relationship 
between the implementation of a college-level curriculum and on-time graduation rates 
for the class of 2015, also controlling for demographic differences between schools (N = 
559).  
A generalized linear mixed model was utilized to examine school-level exam data 
and demographic data from the Washington state Office of Superintendent of Public 
Instruction for the 2014-2015 academic year to assess whether the presence of a college-
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level curriculum in a secondary school setting influenced academic achievement and on-
time graduation. Results of the GLMMs suggested that the presence of a college-level 
curriculum in the school does increases the odds of passing the EOC Biology exam but 
does not increase the odds of passing the SBA ELA exam or passing the SBA Math 
exam. Results of the GLMMs suggested that the presence of a college-level curriculum in 
the school also increases the odds of graduating on time.  
4 
 
 
 
Chapter One 
Introduction 
Background of the Study 
 
Several large-scale educational reforms are seen throughout the history of the 
American Public School system; these “reform initiatives have lofty goals of increasing 
access, raising standards of quality, spawning innovation, and empowering students” 
(Public Broadcasting System [PBS], 2001). One such reform attempt was spurred by a 
call to action from The National Commission on Excellence in Education (NCEE) in 
April of 1983. The NCEE issued the following warning: 
Our Nation is at risk. Our once unchallenged preeminence in commerce, industry, 
science, and technological innovation is being overtaken by competitors 
throughout the world…We report to the American people that while we can take 
justifiable pride in what our schools and colleges have historically accomplished 
and contributed to the United States and the well-being of its people, the 
educational foundations of our society are presently being eroded by a rising tide 
of mediocrity that threatens our very future as a Nation and a people. What was 
unimaginable a generation ago has begun to occur--others are matching and 
surpassing our educational attainments…We have even squandered the gains in 
student achievement made in the wake of the Sputnik challenge. (p. 9) 
In the following three decades, more evidence of the decline in U.S. Education 
arose nationally and internationally. Results from the May 1999 Third International 
Mathematics and Science Study (TIMSS) showed U.S. students ranked 19th out of 38 
nations participating in the TIMSS (National Center for Education Statistics, 2000). In 
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2003, U.S. eighth graders rose slightly in rank to 15th of 45 nations in Math and 9th in 
Science (National Center for Education Statistics [NCES], 2017). In 2007 U.S. eighth 
graders improved further to 9th out of 48 nations in Math and 11th out of 48 nations in 
Science (NCES, 2017). In 2011 U.S. eighth graders remained stable at 9th out of 42 
nations in Math and gained slightly to 10th out of 42 nations in Science (NCES, 2017). In 
2015, U.S. eighth graders dropped to 10th out of 39 nations in Math and 11th out of 39 
nations in science (NCES, 2017). 
A new comparative international evaluation came about in 2000, the Programme 
for International Student Assessment (PISA) initiated by the Organisation for Economic 
Co-operation and Development (OECD). The PISA tests students who are between 15 
years, 3 months and 16 years, 2 months at the time of the exam who have completed at 
least six years of formal schooling (OECD, 2000). The exams are administered every 
three years and cover mathematics, science, and reading, with different emphasis each 
year. The results from 2012 saw 510,000 students in 65 economies take part in PISA 
2012, representing approximately 28 million 15-year-olds globally (OECD, 2014). More 
than 70 economies signed up to take part in the test in 2015 which focused on science 
(OECD, 2014).  
In 2000, the PISA focus was reading and 15-year-olds in the U.S. performed 16th 
out of 41 nations (not statistically different from the OECD mean) in reading literacy, 
20th out of 41 nations (not statistically different from the OECD mean) in mathematic 
literacy, and 15th out of 41 nations (not statistically different from the OECD mean) in 
science literacy (OECD, 2000). In 2003, the PISA focus was on mathematics and U.S. 
15-year-olds fell to 21st out of 40 nations (statistically significantly below the OECD 
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mean) in mathematics literacy, fell to 18th out of 40 nations (not statistically different 
from the OECD mean) in reading literacy and fell to 22nd out of 40 nations (statistically 
significantly below the OECD mean) in science literacy (OECD, 2003). In 2006, the 
PISA focus was on science and U.S. 15-year-olds fell to 29th out of 57 nations 
(statistically significantly below the OECD mean) in science literacy, 35th out of 57 
nations (statistically significantly below the OECD mean) in mathematics, and did not 
participate in the reading literacy exam (OECD, 2006). In 2009, the PISA focus was once 
again on reading and U.S. 15-year-olds rose slightly to 17th out of 65 nations (not 
statistically different from the OECD mean) in reading literacy, rose slightly to 33rd out 
of 65 nations (statistically significantly below the OECD mean) in mathematics literacy, 
and rose significantly to 22nd out of 65 nations (not statistically different from the OECD 
mean) in science literacy (OECD, 2009a/2009b). Results for 2012 results showed that 
U.S. 15-year-olds fell again to 36th out of 65 nations (statistically significantly below the 
OECD mean) in mathematics, dropped significantly to 233d out of 65 nations (not 
statistically different from the OECD mean) in reading, and fell to 27th out of 65 nations 
(not statistically different from the OECD mean) in science literacy (OECD, 2012). The 
most recent PISA administration in 2015 showed that U.S. 15-year-olds ranked slightly 
lower again at 25th out of 70 participating countries in science (not statistically different 
from the OECD mean), about the same at 24th out of 70 in reading literacy (not 
statistically different from the OECD mean), and lower again at 40th out of 70 in 
mathematics literacy (statistically significantly below the OECD mean) (National Center 
for Education Statistics, 2015c). In summary, not once have U.S. 15-year-old students 
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performed statistically significantly better than average in PISA evaluations, and quite 
frequently perform below average. 
Many political leaders and educational thinkers have proposed that the best way 
to improve academic achievement in the classroom is to raise the bar. Driven by this need 
for improvement, the U.S. government under Presidents George H.W. Bush, William J. 
Clinton, George W. Bush, and Barak H. Obama enacted various plans and laws to 
improve U.S. Public education, including America 2000 (Bush, 1991), Goals 2000: The 
Educate America Act (Public Law 103-227), the No Child Left Behind Act of 2001 
(NCLB) signed into law on January 8, 2002 (Public Law 107-110), Race to the Top 
(RTTP), part of the American Recovery and Reinvestment Act of 2009 (ARRA), Section 
14005-6, Title XIV, (Public Law 111-5), and most recently the Every Students Succeeds 
Act (ESSA) of 2015 (Public Law 114-95).  
Despite the implementation of these programs, serious academic gains are not yet 
a reality in U.S. Schools. This “top-down” politically driven educational reform is not 
enabling failing students and schools to perform better. In fact, many students who have 
achieved “passing grades” would not have received their high school diploma because 
they were unable to pass their state’s achievement test. John E. Chubb (2003), founding 
partner, senior executive vice president, and managing director at EdisonLearning, Inc. 
pointed out that following the implementation of the use of standardized testing to 
determine graduation eligibility, many trend-setting states such as California, Florida, and 
Massachusetts had to relax their standards because too many students were denied 
diplomas based on test scores even after satisfying all course requirements (p. 1). Chubb 
(2005) also asserted that with large numbers of schools that are failing to make “adequate 
8 
 
 
 
yearly progress,” U. S. states have begun lowering the federal standard. NCLB required 
that all public schools bring all students to “proficiency” within 10 years but left it to the 
states to define proficiency. RTTP awards were granted to states that “are leading the 
way with ambitious yet achievable plans for implementing coherent, compelling, and 
comprehensive education reform” that will improve failing schools and prepare all 
students for success in college and the workplace (RTTP, 2009, p. 2). In recent years, 
many states have set tough proficiency standards, but with their schools now threatened 
with reduction in federal funding and possible federal sanctions, states are lowering their 
definitions of proficiency.  
 One “top-up” educational reform movement underway in the U.S. is to increase 
rigor in U.S. classrooms such that all students can succeed at levels higher than the 
minimum competency (Allensworth, Nomi, Montgomery, & Lee, 2009; Allensworth, 
Nomi, Montgomery, Lee, & Mazzeo, 2010). Former Education Secretary Margaret 
Spellings desired to align high school standards with college and work. The National 
Governors Association (2005) concurred, stating that all students should participate in a 
rigorous college-prep curriculum and that “[U.S.] states should create college- and work-
ready assessments and raise the bar for end-of-course exams to the level of achievement 
expected to enter college and work” (p.1). Tony Wagner (2006), co-director, Change 
Leadership Group (CLG), Harvard Graduate School of Education and recently author of 
The Global Achievement Gap, suggested that,  
Rigor, it seems, is the new reform de jour. As a nation, we appear to have come to 
a consensus that all children deserve a ‘challenging and rigorous’ education…Are 
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high school Advanced Placement courses the new standard for rigor, as many are 
now suggesting? (p. 28) 
 A significant number of secondary schools in the U.S. have indeed turned to 
college level classes to introduce a more rigorous educational experience to their 
students. Three main paths are currently employed to introduce collegiate level rigor to 
secondary students: dual credit programs, the Advanced Placement (AP) program, the 
International Baccalaureate Programme (IB), and the Cambridge International 
Examinations (CIE). Of these four, AP, and especially the IB, are rapidly expanding in 
U.S. public schools.  
Statement of the Problem 
 
The past 25 years oversaw the rapid implementation of college-level academic 
programs such as Advanced Placement (AP), International Baccalaureate (IB) and 
Cambridge International Exams (CIE) in public U.S schools. Several research studies 
have shown that academically-gifted students enjoy greater academic achievement from 
participation in these rigorous programs (Birdsall & Correa, 2007; Bunnell, 2011a; 
Burris, Welner, Wiley, & Murphy, 2007; Byrd, Ellington, Gross, Jago, & Stern, 2007; 
Camara, 2003; CIE, 2016b; Cox, 2010; Curry, MacDonald, & Morgan, 1999; Duevel, 
1999; Everson & Donnelly, 2010; IB, 2011; IB Research Team, 2007; Keng & Dodd, 
2008; Klopfenstein, 2003, 2004; Kyburg, Hertberg-Davies, & Callahan, 2007; Lim, 2012; 
Mayer, 2008; Morgan & Ramist, 1998; Murphy & Dodd, 2009; Shaw & Bailey, 2011). 
However, the IB and CIE programmes are designed to be implemented school-wide; all 
students participate in the IB or CIE programmes even if they are not formally seeking 
the IB Diploma or the Cambridge International General Certificate of Secondary 
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Education (IGCSE). Similarly, schools that offer AP often implement pre-AP classes for 
freshman and sophomore students; though these classes are not required, thus AP is not a 
school-wide approach. Despite all the research cited above that investigated the academic 
outcomes of gifted students, no study thus far has investigated how well students of all 
academic levels perform in the IB or CIE programmes when implemented school wide. 
Insight gained from such a study could demonstrate support for further implementation of 
the IB or CIE programmes as a way to increase academic achievement for all students, 
not just those that are considered academically gifted. 
Theoretical Foundation for the Study 
 
While there are several small-scale studies suggesting that academically talented 
students participating in Advanced Placement and International Baccalaureate experience 
higher levels of secondary and post-secondary achievement, there are few studies 
suggesting that participation in IB, AP or CIE offers the same benefit to traditionally low-
achieving students. As these college-level programs are increasingly being introduced 
into U.S. secondary schools as a potential “cure” for low academic achievement, 
especially amongst low-performing U.S public schools with large populations of 
minority, English Language Learners (ELL), and low socio-economic status (SES) 
families, it is imperative that large-scale, matched, rigorous studies are conducted to 
determine if utilizing such programs to increase the rigor of secondary schools in the U.S. 
is actually working.  
Additionally, faced with the rapid expansion of both the AP and IB programs in 
the U.S., especially in under-performing and low-achieving public schools, research 
studies are needed not only to determine if the implementation of these programs are 
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increasing student achievement as intended but also to ascertain if these programs 
continue to be implemented consistently and rigorously as intended by the College Board 
and the International Baccalaureate. Tristan Bunnell (2011a) at the Copenhagen 
International School recently repeated concerns that such rapid expansion of the IB 
program has led to a loss of consistency and reliability of the IB assessments. Similarly, 
Kristen Klopfenstein (2003, 2004), AP exam grader and professor of economics at Texas 
Christian University, voiced concerns surrounding the continued rapid expansion of the 
AP program in the U.S.  
Lastly, as the school-wide IB MYP and PYP programmes, the Cambridge 
Primary and Secondary 1 programmes, and other “pre-IB” and “pre-AP” programs, 
continue their rapid expansion in U.S. public schools, additional research will be required 
to determine if students participating in the IB’s continuum of education, the CIE’s global 
passport to success, and/or other more rigorous pre-IB or pre-AP classes (as compared to 
traditional curriculums) will experience the intended academic gains. Such an 
examination could start by comparing student performance on standardized U.S. state 
achievement tests that are already in place (at all levels, not just secondary). Attention 
must be paid to traditionally low-achieving students who would not typically choose or 
succeed in the DC/AP/IB/CIE path. An additional focus of this line of research should be 
on how to better support low-achieving students as they are increasingly forced to 
transition from traditional U.S. classrooms to more rigorous IB PYP, IB MYP, CIE 
Primary, CIE Secondary 1, pre-AP, pre-IB, AP, IBDP, and/or CIGCSE classrooms. 
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Significance of the Study 
 
In addition to a “rigorous” curriculum that allows secondary students to earn post-
secondary credit, these college-level programs have one other similarity: lack of large-
scale, research-based support for the purportedly positive outcomes, namely boosting 
post-secondary performance as compared to peers who did not participate in any of these 
programs during secondary education. Only a handful of studies have been conducted on 
dual-credit programs; even fewer have been conducted on the effectiveness of the IB or 
CIE programmes at boosting post-secondary performance, and while the post-secondary 
performance of AP program participants has been more thoroughly investigated than 
dual-credit and IB put together, most of the studies are small-scale and were conducted 
more than five years ago, before the AP program experienced such rapid growth. 
Additionally, much of the current research has focused on the perceptions of students, 
parents, faculty, and administrators about the individual program’s success in meeting its 
goals (Bates, 2016; Foust, Hertberg-Davis, & Callahan, 2009; Hertberg-Davis, & 
Callahan, 2008; Taylor & Porath, 2006). 
Purpose of the Study 
 
Specifically, the purpose of this research study was to examine the influence of 
implementing college-level curriculum(s), Dual Credit, Advanced Placement, 
International Baccalaureate, Cambridge International Examinations, or a combination of 
these programs, at the secondary level on student academic achievement. This 
examination was made by comparing individual secondary school’s academic 
achievement as measured by the proportion of a school’s student population passing its 
annually state-administered standardized test and the proportion of a school’s adjusted 
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four-year cohort graduating on time. Other factors known to impact academic 
achievement were controlled for utilizing a generalized linear mixed model (GLMM). A 
review of current research on these factors informed the nested regression model.  
Variables 
 
 The predictor variable of interest in this study was presence or absence of one or 
more college-level curriculum (DC, AP, IB and/or CIE or any combination of these 
programs) in secondary schools. Other co-variables such as socio-economic status (SES, 
evaluated as percentage of free and reduced meals), gender percentage, minority 
percentage, bilingual/transitional percentage, special education percentage, school size 
(total enrollment), and school location (district and county) were added to the exploratory 
GLMMs to partition out the influence of these factors on academic achievement. The 
dependent variables for this research study were academic achievement represented as 
the proportion of students passing the Washington state standardized End of Course 
(Biology) and the Smarter Balanced Assessment (SBA) for English Language Arts 
(ELA) and Mathematics tests. An additional dependent variable was the proportion of 
students in the 2014-15 cohort (started 9th grade in WA school) graduating on-time. 
Terms and Definitions 
 
Socioeconomic status. A combined measure of education, income, and 
occupation that is often thought of as the social standing or class of an individual or a 
group. When viewed as a gradient, SES demonstrates inequalities in access to and 
distribution of resources (American Psychological Association, 2015). 
Bilingual/Transitional. Students who are learning the English language in 
addition to their native tongue. Also called English Language Learners (ELL) students. 
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Also called English as a Second Language (ESL) students. Also called Limited English 
Proficient students (LEPs) (Garcia, Kleifgen, & Falchi, 2008, p. 6). 
Research Question 
 
 The research question to be addressed in this study are: 
Does the implementation of a college-level curriculum, namely Dual-Credit, 
Advanced Placement, International Baccalaureate, Cambridge International Examinations 
or a combination of these programs, statistically significantly influence school-wide 
academic achievement when other known influences are accounted for?  
There are currently 794 public U.S. high schools and 122 private schools across 
the nation implementing the International Baccalaureate programme (IB, 2017b) in the 
U.S., 230 elementary and secondary schools in the U.S. now offer the CIE programme 
(Adams, 2016), and the College Board stated that most U.S. high schools participate in 
the AP program (AP Central, 2018a). Additionally, as a condition of NCLB, all U.S. 
states publish (usually available online) a “School Report Card” that includes school-, 
district-, and state-level demographics, attendance and dropout data, status regarding 
Adequate Yearly Progress, information on highly qualified teachers, and standardized 
end of course test scores (U.S. Department of Education, 2001b). In February 2016, there 
were 24,397 public secondary schools in the U.S. (Center for Education Reform, 2016), 
and this number has remained stable since 2006-2007 per the National Center for 
Education Statistics (NCES, 2015a, 2015b). A convenience sample of all 763 
Washington State public schools encompassing at least 10th – 12th grades, approximately 
3.11% of all U.S. public high schools, were utilized for this study (Office of 
Superintendent of Public Instruction [OSPI], 2017c). Descriptive and inferential statistics 
were computed using the SPSS software package (version 24.0). Exploratory Generalized 
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Linear Mixed Modelling was used to look for relationships among the data to answer the 
research question.  
A review of relevant literature is presented in Chapter Two. Information including 
the rise in popularity of these college-level programs, as well as research on the academic 
outcomes related to these programs, is reported. Chapter Three details the research 
methods used, Chapter Four details the results of the data analysis, and Chapter Five 
discusses the results of the analysis and suggests directions for future studies.  
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Chapter Two 
Review of Literature 
In 2000, the 106th U.S. Congress supported the "Academic Achievement for All 
Act" (commonly called “Straight As”) which would have allowed states to enter 
performance agreements with the federal government, giving them the opportunity to 
consolidate federal programs and redirect funding toward state initiatives to improve 
student learning. In exchange, states would establish performance objectives and 
administer state tests to measure student achievement (Academic Achievement for All, 
2000). This Act became the basis for the No Child Left Behind Act of 2001 (NCLB). 
The main tenant of the NCLB calls for stronger accountability (U.S. Department 
of Education, 2003). Under NCLB, states and school districts have unprecedented 
flexibility in how they use federal education funds, in exchange for greater accountability 
for results (U.S. Department of Education, 2001a). NCLB puts special emphasis on 
determining what educational programs and practices have been “proven effective 
through rigorous scientific research” as defined by the What Works Clearninghouse 
produced by the U.S. Department of Education Institute of Education Sciences (IES), a 
central and trusted source of scientific evidence for what works in education (IES, 2002). 
Federal funding is targeted to support these programs and teaching methods that 
work to improve student learning and achievement. (U.S. Department of Education, 
2001b).  
On February 17, 2009, President Barak Obama signed into law the American 
Recovery and Reinvestment Act of 2009 (ARRA), “historic legislation designed to 
stimulate the economy, support job creation, and invest in critical sectors, including 
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education” (U.S. Department of Education, 2009, p. 2). The ARRA provides $4.35 
billion of initial funding for the Race to the Top Fund (RTTT), a competitive grant 
program designed to encourage and reward U.S. States that are “creating the conditions 
for education innovation and reform” (U.S. Department of Education, 2009, p. 2), such 
as: 
achieving significant improvement in student outcomes, including making 
substantial gains in student achievement, closing achievement gaps, improving 
high school graduation rates, and ensuring student preparation for success in 
college and careers; and implementing ambitious plans in four core education 
reform areas. (U.S. Department of Education, 2009, p. 2)  
• Adopting standards and assessments that prepare students to succeed in 
college and the workplace and to compete in the global economy,  
• Building data systems that measure student growth and success, and inform 
teachers and principals about how they can improve instruction,  
• Recruiting, developing, rewarding, and retaining effective teachers and 
principals, especially where they are needed most, and  
• Turning around our lowest-achieving schools. (U.S. Department of Education, 
2009, p. 2)  
RTTT will “reward” states that have demonstrated success in raising student 
achievement and have the best plans to accelerate their reforms in the future. These states 
will be held up as examples for other states to follow, spreading the best reform ideas 
across the U.S. (U.S. Department of Education, 2009). 
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Most recently, on December 10, 2015 President Obama signed into law the Every 
Student Succeeds Act (ESSA), “a bipartisan bill that will help make sure every student is 
prepared to succeed in a 21st century economy,” (White House, 2015). The ESSA returns 
control of curriculum and assessment back to school districts and states, reducing the 
overuse of high-stakes standardized tests and one-size-fits all reform mandates such as 
Common Core (White House, 2015). However, ESSA does not require states to make 
changes to their current education systems, does not require states to move away from 
high-stakes standardized tests, and does not require states to evaluate teachers’ 
performance independent of these tests (Greene, 2016). 
Under the compounding pressure of so many educational reforms, educators are 
increasingly searching for more creative ways to improve their school’s overall 
performance as measured by the number of students successfully graduating (lower 
dropout rates) and/or improved performance on state-based standardized achievement 
exam scores (more likely under RTTT and not likely to change quickly under ESSA). 
Though not new, one front-running proposal calls for “top-up” education, focusing on 
increasing academic rigor for all students. This idea is based on research studies that 
illustrate the downfalls of tracking for most students, especially at a young age (Burris, 
Wiley, Welner, & Murphy, 2008; Editorial Projects in Education Research Center, 2004; 
Grossen, 1996; Walberg, 2003; Wheelock, 1996). A June 2004 Editorial Projects in 
Education article stated that, “a steady diet of lower expectations leads to a steadily low 
level of motivation toward school” (paragraph 4), suggesting that lower-achieving 
students placed in classes with higher-achieving students may perform better than their 
peers who were tracked into same-ability classrooms. As the bar is raised to further 
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challenge successful students, the success rate for students on the cusp of meeting their 
state’s standards could also improve. Anne Wheelock (1992), author of Crossing the 
Tracks: How "Untracking" Can Save America's Schools, stressed that for best results, 
teachers must commit to creating a high-expectations climate and an engaging, hands-on 
curriculum for all students. However, at least one study has suggested that gifted learners 
do not always benefit in the same situation (Rogers, 1991).  
One method of implementing a “top-up” educational model is to offer advanced 
classes to high school students. The first advanced curriculum to be implemented, Dual-
Credit classes, allows high school students to simultaneously earn college credit while 
satisfying high school diploma requirements. Dual-Credit classes were soon followed by 
the development of the Advanced Placement Program, the International Baccalaureate 
Programme, and most recently, the Cambridge International Examinations Programme. 
Secondary Collegiate Programs 
 
Dual credit programs.  High school students have been able to earn college 
credit while simultaneously meeting high school graduation requirements with the same 
course for the past three decades (Honawar, 2005). Dual-credit classes, also called dual or 
concurrent enrollment classes, developed to challenge academically gifted students (Kim 
& Bragg, 2008) and to provide post-secondary enrollment experience to high school 
students, easing the transition to college (Boswell, 2001). Additionally, earning college 
credit while still in high school could reduce college costs by reducing time/credits to 
degree completion (Adams, 2010) and provide a more highly trained employee that can 
compete in the global marketplace (Boswell, 2001).  
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Dual-credit students are typically seniors who are instructed in a secondary setting 
following a post-secondary level syllabus provided by the cooperating local community 
college or university. Dual-credit classes may be taught by equivalently qualified 
secondary faculty in the secondary school or by post-secondary faculty at the either the 
secondary or post-secondary institution, or via interactive distance learning (IDL, online, 
webcam conference, internet, etc.) within the high school (National Alliance of 
Concurrent Enrollment Partnerships, 2011). Students may have to pay all associated 
costs, community colleges may waive tuition and/or fees, the high school may pay all 
costs, or the college and high school may devise a creative way to share the cost (Bowler 
& Thomas, 2005; NETnet, 2010). Hebert (2001) noted that dual credit students did not 
need to take a test administered by an external source to qualify for college credit; credit 
was awarded based on the entire course rather than solely on test results like AP courses. 
As dual-credit courses are actual college courses, the credit is usually recorded on a 
college transcript from the post-secondary institution. However, transferability of the 
credits is at the discretion of individual colleges or universities and students are highly 
encouraged to ascertain if their chosen university will transfer dual enrollment credits 
(Ramirez, 2008). 
In 2003, the most recent data available from the NCES, 71 percent of U.S. high 
schools (N = 11,700) offered some sort of dual credit curriculum; 63 percent of small 
schools (N < 500), 75 percent of medium-sized schools (500 < N < 1199), and 82 percent 
of large schools (N > 1200) offered courses for dual credit (Waits, Setzer, Lewis, & 
Greene, 2005). Overall, the 2002-2003 school year saw 1,162,000 enrollments in dual-
credit courses (Waits et al., 2005). More recent enrollment data from individual states has 
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illustrated the growth of dual credit enrollment over the past decade. For example, in the 
five-year span 2003-2008, the state of Texas saw a 68 percent (N = 60,583 in 2008) 
increase in the number of students concurrently enrolled (Ramirez, 2008). In September 
of 2010, the Center for School Reform at the Heartland Institute reported that the 2009-
2010 school year saw a 27 percent (N = 21,126) increase in dual credit enrollment in the 
State of Indiana (Pavelski, 2010). Between 2001 (N = 5,030) and 2007 (N = 9,236), North 
Carolina saw the number of dual credit students almost double (Serdetchnaia, 2010). In 
Florida, dual credit enrollment increased 32.9 percent from 2006 (N = 36,449) to 2010 (N 
= 54,310) (Schmucker, 2011). 
Past research studies have suggested that students enrolling in dual credit classes 
enjoy higher levels of academic success and higher rates of on-time graduation from a 
four-year institution as compared to peers who did not participate (Adelman, 2004; 
American Institutes for Research[AIR]/SRI International [SRI], 2009; Bailey, Hughes, & 
Karp, 2002; Hebert, 2001; Karp, Calcagno, Hughes, Jeong, & Bailey, 2007; Karp & 
Hughes, 2008; Kim & Bragg, 2008; Perkins & Windham, 2002; Richardson, 1999; 
Robertson, Chapman, & Gaskin, 2001; Roska & Calcagno, 2008; Smith, 2007; Waits et 
al., 2005). Dual-credit classes were once limited to juniors and seniors in college-prep 
tracks. Currently they are open to all students, including students who have not excelled 
in traditional academic settings. Dual-credit programs are seen to increase the academic 
rigor of the secondary curriculum which can help low-achieving students meet high 
academic standards. Dual-credit programs also provide academic opportunities and 
electives not normally available in poorer, small, or rural schools. Other benefits include 
lowering high school dropout rates and increasing student aspirations, helping secondary 
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students acclimate to college life, opening student access to, and encouraging persistence 
in, post-secondary education, and reducing the cost of college to students (Adelman, 
2004; AIR/SRI, 2009; Karp et al., 2007; Karp & Hughes, 2008; Perkins & Windham, 
2002; Richardson, 1999; Roska & Calcagno, 2008). 
Advanced Placement.  An alternative to dual-credit classes is the Advanced 
Placement program (AP), a challenging program with high expectations that was 
developed in 1955 to provide motivated high school students with an opportunity to take 
college-level courses in a high school setting (College Board, 2010). The AP program 
offers 38 courses in seven subject areas, including Art, English, History and Social 
Sciences, Math and Computer Sciences, Sciences, and World Language (AP Central, 
2018b). Each course is developed over a two-year period by a committee composed of 
college faculty and AP teachers and is designed to cover the breadth of information, 
skills, and assignments found in the corresponding post-secondary course (AP Central, 
2004a). Post-secondary faculty members are essential in ensuring that AP courses align 
with college-level standards. Through the AP Course Audit, AP teachers submit their 
syllabi for review and approval by college faculty; only courses using syllabi that meets 
or exceeds the college-level curricular and resource requirements are authorized to carry 
the “AP” label (College Board, 2010). However, as one AP teacher pointed out, “Of 
course, the audit is not ever on-site and most of the teachers I know dummy a syllabus 
that is sent in for audit. There is no assurance that what is actually taught has followed 
such a syllabus” (J. W. Mikkelson, personal communication, July 14, 2010).  
Upon completion of the class work, students may take an AP exam (required to 
earn college credit for AP courses) developed and scored by post-secondary faculty 
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members and AP (College Board, 2010). From the College Board, in 2004 1,101,802 
students worldwide (548,733 in the U.S.) took 1,887,770 AP exams, up nearly 8% from 
2003 (AP Central, 2004b). In 2009, the number of students taking AP exams increased to 
1,691,905 (798,629 in the U.S.), an increase of 35% and the total number of exams taken 
increased by 36% to 2,929,929 (College Board, 2010). Each exam contains a free-
response section, either essay or problem solving, and a section of multiple-choice 
questions. Sixty percent of the overall score comes from the multiple-guess questions and 
forty percent comes from the free response (AP Central, 2004b). The exams are scored on 
a scale of 1-5 as follows: 
– 5 “extremely well qualified”  
– 4 “well qualified”  
– 3 “qualified”  
– 2 “possibly qualified”  
– 1 “no recommendation” 
Ninety percent of U.S. colleges and universities have an AP policy granting 
incoming students credit, placement, or both for qualifying AP Exam scores as 
determined by each university (AP Central, 2004a). Sixty-three percent of the AP Exams 
taken receive a grade that is recommended for college credit, advanced placement, or 
both and more than 1,400 post-secondary institutions grant a full year's credit (sophomore 
standing) to students presenting satisfactory grades on a stated number of AP exams (AP 
Central, 2004a). 
International Baccalaureate Programme.  The International Baccalaureate 
Programme (IB) was developed in Switzerland in 1968. Its mission is to “develop 
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challenging programmes of international education and rigorous assessment” 
(International Baccalaureate, 2010c). In its earliest stages, the IB was only a diploma 
programme (IBDP) aimed at 16- to 19-year-old students in the final two years of 
secondary school. Diploma students take six subjects plus they must compose an 
extended essay (maximum 4,000 words), complete a course in theory of knowledge 
(TOK), and complete a number of creativity, action, and service (CAS, 150 hours) 
projects in their community (International Baccalaureate, 2009). Subject groups include: 
1: primary language (A1), 2: second language, 3: experimental sciences, 4: the arts, 5: 
mathematics and computer science, and 6: individuals and society. Around 100 languages 
are available in groups 1 and 2, with 29 subjects in groups 3 to 6. Students must choose 
one subject from each of groups 1 to 5, ensuring breadth of experience. The sixth subject 
may be an art from group 6, or another subject from groups 1 to 5. Most subjects are 
available at higher level (HL) and standard level (SL) (International Baccalaureate, 
2009).  
Students take a final written examination for each subject at the end of the 
programme, either in May or November. In 2010, 6,975 schools (2,644 in the U.S.) 
registered 104,999 students (55,779 from the U.S.) for exams in May and an additional 
8482 students (84 from the U.S) for exams in November. In May and November 2010, 
the IB awarded 37, 919 and 5,050 full IB Diplomas, respectively (International 
Baccalaureate, 2010a; International Baccalaureate, 2010b). Exams are marked by 
external, trained IB examiners. Students also complete varied assessment tasks during the 
school year, which are either initially marked by teachers and then moderated by external 
moderators or sent directly to external examiners. To be awarded the IB diploma, 
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students must gain at least 24 (moderated) points (highest achievable is 45 points) by 
combination of SL and HL classes and extended essay and complete CAS hours 
satisfactorily. The distribution of overall IBDP scores for the May 2010 exam period can 
be seen in Figure 1. The percentage of IBDP candidates awarded a full IB diploma 
remains consistent from year to year: 81.3% in 2005, 80.4% in 2006, 78.8% in 2007, 
79.0% in 2008, 78.7% in 2009, and 78.3% in 2010 (International Baccalaureate, 2009; 
International Baccalaureate, 2010a; International Baccalaureate, 2010c). It is the high 
level of rigor associated with the IBDP that allows students to earn college credit, either 
for a subset of classes or for an entire year at some institutions, which is determined by 
the post-secondary institution after admission.  
 
 Figure 1. Distribution of Overall Diploma Programme Scores for May 2010. Copyright 
2010 by the International Baccalaureate. 
The initial IBDP program was augmented first in 1994 by the introduction of the 
IB Middle Years Programme (MYP), an adaptation of the “pre-IB” International Schools 
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Association Curriculum (ISAC) (Peterson, 2003), and again with the addition of the IB 
Primary Years Programme (PYP) in 1997, forming a “continuum of international 
education” (International Baccalaureate, 2007). Lastly, the Career-related Programme 
(CP) was added in 2015. 
The PYP is intended for all students in the school aged 3-12. It is organized 
around six trans-disciplinary themes of global significance intended to help children 
engage with their world and the world around them: 1: sharing the planet, 2: who we are, 
3: where we are in place and time, 4: how we express ourselves, 5: how the world works, 
and 6: how we organize ourselves. Assessment is internal and its purpose is to 
demonstrate and enhance the learning. The PYP exhibition is the culminating activity of 
the PYP and it requires students to analyse and propose solutions to real-world issues, 
drawing on what they have learned through the PYP. Evidence of student learning and 
records of PYP exhibitions are reviewed by the IB as part of the programme evaluation 
process (International Baccalaureate, 2009).  
The MYP is intended for all students in a school aged 11-16. The MYP 
curriculum includes all the major disciplines, language A, language B, humanities, 
mathematics, technology, arts, science, and physical education. It is flexible enough to 
accommodate national and state curriculum requirements as well as facilitating 
interdisciplinary work. In the final year, students carry out a personal project on a topic of 
special interest to them, such as an original work of art, an essay, a piece of fiction 
writing, an experiment, or an invention, for example. Schools can opt to have the IB 
validate their internal assessment and an MYP certificate can be obtained but there is no 
formal external examination. Fundamental concepts of the programme are holistic 
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education, communication and intercultural awareness. The five “areas of interaction,” 
health and social education, community and service, human ingenuity, approaches to 
learning, and environments, help students to make connections between subjects, to link 
what they learn to the real world and to global issues, and to reflect and act on their 
learning (International Baccalaureate, 2009).  
The CP is intended for students aged 16-19 who are engaged in career-related 
education. Students must complete a minimum of two DP classes, a core consisting of 
four components, and a career-related study. Students take the same exams for the DP 
courses and the CP core components are assessed by the participating schools 
(International Baccalaureate, 2017a). 
Curricular content for all IB programmes is developed in the same manner which 
is unique to the IB programme. Each programme has a programme committee which is 
responsible for supervising the quality and development of that programme; these 
committees are overseen by the IB Board of Governors. The curriculum for each 
programme is reviewed on a constant six-year cycle and involves input from IB teachers 
worldwide, IB staff, IB moderators, and expert consultants. Schools worldwide are 
encouraged to contribute by completing questionnaires and surveys, testing new 
materials, supplying experienced teachers to attend curriculum review meetings, and 
commenting on draft guides. At the end of the cycle, a programme guide is produced for 
each class, along with teacher support materials such as sample exam papers, lessons, 
projects, and samples of assessed student work (International Baccalaureate, 2009). 
In 2004, following two decades of rapid growth of the IBDP, the IB set forth a 
plan for the future development and focus for the IB programme, anticipating a 
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continuation of such growth. A new strategy for administering the IB programme in the 
face of such rapid growth emerged. Not only would the quality of the curriculum and 
assessments be improved upon, so would access to and delivery of the programme 
(International Baccalaureate, 2009). A summary of the main results from the meeting and 
can be seen in Figure 2. 
 
Figure 2. Summary of the IBO’s new strategy for Better Implementation of the 
Programme. Adapted from “The IB: What You Should Know,” by the International 
Baccalaureate. Copyright 2009 by the International Baccalaureate. 
Cambridge International Examinations. The most recent entrant into the field 
of advanced high school curriculum the Cambridge International Examinations (CIE) 
programme. Developed by the Cambridge Assessment Department at the University of 
Cambridge, the first exams were administered internationally in 1998 (Cambridge 
International Examinations [CIE], 2016a; 2016d). This programme aims to “prepare 
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school students for life, helping them develop an informed curiosity and a lasting passion 
for learning” (CIE, 2016c). Administered in more than 10,000 school spanning 160 
countries (CIE, 2016a) and also offering a diverse curriculum including Cambridge 
Primary (5-11 year-olds), Cambridge Secondary 1 (11-14 year-olds), and Cambridge 
Secondary 2 (14-16 year-olds), the CIE directly rivals the IB programme. The Cambridge 
Primary (CP) programme is currently offered at 1,000 schools in 100 countries, including 
a small handful of schools in the United States (CIE, 2016a). The CP programme is a 
“world-class curriculum to develop learner skills and understanding in English, 
mathematics and science,” (CIE, 2016e) enabling “teachers to assess children's learning 
as they progress” by one of two optional assessments: Cambridge Primary Progression 
Tests and Cambridge Primary Checkpoint” (CIE, 2016e). 
The Cambridge Secondary 1 and 2 programmes aim to develop skills and 
understanding in English, mathematics, and science (CIE, 2016f). The Cambridge 
Secondary Checkpoint 1 or the Cambridge Secondary 1 Progression Tests are 
administered to assess progression after the first three years of the secondary programme.  
The Cambridge Acceleration Programme offers the International General 
Certificate of Secondary Education (IGCSE), which is a two-year programme aimed at 
14- to 16-year-old students. Cambridge IGCSE espouses progressive, learner-centred, 
and inquiry-based approaches to learning as it is designed to develop skills in creative 
thinking, inquiry and problem-solving (CIE, 2016f). More than 70 subjects are offered, 
and students may choose any combination of these subjects, providing them with a solid 
foundation for continuing education. Like IB SL and HL, several IGCSE subjects consist 
of two course levels, the Core Curriculum and the Extended Curriculum. Like IB HL, the 
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Extended Curriculum includes the material from the Core course, as well as more 
advanced additional material (CIE, 2016b; Shaw & Bailey, 2011).  
Lastly, Cambridge offers the International Advanced Subsidiary (AS)/Advanced 
(A) Level programme, a two-year course of study aimed at 16–19-year-old students that 
is intended to follow the IGCSE. The A-Level courses are flexible and can be structured 
in several ways:  
Option 1: Students take all of the Cambridge International A Levels in the same 
session, most often at the end of the second year of study. 
Option 2: For some subjects, students choose a “staged” assessment route— 
taking the Cambridge International AS Levels in the first testing session and then 
completing the final Cambridge International A Levels at a subsequent testing 
session.  
Option 3: Students take the Cambridge International AS Level only, either at the 
end of a one-year or two-year course. (The AS Level course is essentially 
equivalent to half an A Level course). 
Cambridge then awards a Cambridge AICE Diploma to students who have passed a set 
number of subject examinations at each level. To qualify for a Cambridge AICE 
Diploma, students must pass at least one examination from each of three subject groups 
including math and sciences, languages, and arts and humanities (CIE, 2016b). Like AP 
and IB, students passing these examinations may be awarded some course credit at U.S. 
universities. Richard Levin, President of Yale, said in 2007, “The depth of knowledge 
displayed by the best A Level students makes them prime targets for America's Ivy 
League universities” (CIE, 2016g). 
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Figure 3. Flowchart describing the Cambridge International Examinations Programme. 
Adapted from “Cambridge International AS and A Level” by Cambridge International 
Examinations. Copyright 2016 Cambridge International Examinations 
Similarities of Dual-Credit, AP, IB, and CIE Programs 
 
These rigorous college-level programs offer several advantages to schools and 
students alike. The courses are challenging for top students, reducing misbehavior from 
boredom during instruction (Birdsall & Correa, 2007; Cox, 2010; Savage, 1982; Starr, 
1999). For at-risk students, classes offer a high level of accountability, helping increase 
student achievement with a prescribed system of goals, exams, and incentives (Martinez 
& Klopott, 2005). Similarly, these programs potentially provide better preparation for 
college for both top students and at-risk students by teaching students advanced study 
habits, writing skills, time management skills, and problem-solving techniques (Curry et 
al., 1999; Hargrove, Godin, & Dodd, 2008; Klopfenstein & Thomas, 2005, 2009; Shaw & 
Bailey, 2011; Shaw, Warren, & Gill, 2014; Taylor & Porath, 2006; Thelin, Flodman, & 
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Salminen, 2002) and may even increase college graduation rates (Bailey & Karp, 2003; 
Doughtery, Mellor, & Jian, 2006; Martinez & Klopott, 2005; Mattern, Shaw, & Xiong, 
2009; McCauley, 2007).  
Other academic advantages include the chance to study subjects in depth, to 
broaden intellectual horizons, and to stand out in the college admissions process by 
participating in a program that emphasizes commitment to academic excellence (Geiser 
& Santelices, 2004; Isaacs, 2001; Willingham & Breland, 1982). Karen Arenson (2001), 
author of the article “Urging Students to College by Speeding the Path to It,” stated that 
the AP program also offers a financial advantage to students by reducing the cost of 
college. Students spend $82 per AP test versus college tuition for each three-semester or 
five-quarter hour class. The same is true for IB exams, though the overall IB Diploma 
Programme is expensive for the school district to implement and students are 
occasionally required to buy IB textbooks. Overall, for a student offered the possibility of 
starting college as a sophomore either program translates to considerable savings. 
However, these savings are only realized if post-secondary credit is awarded and several 
private universities are no longer awarding credit for scores less than a five, or they are 
only allowing incoming students to skip introductory courses without assigning credit 
hours for those courses (Carnegie Melon University, 2017; Harvard University, 2017; 
Massachusetts Institute of Technology, 2017; Princeton University, 2017; Stanford 
University, 2017;). Additionally, Carnegie Melon University has cautioned its 
undergraduate applicants that many health professions schools do not encourage or 
accept AP credit for their prerequisite courses such as biology, Chemistry, Physics, math 
and English (Carnegie Melon University, 2017). 
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Sheila E. Byrd Carmichael is the education consultant for Thomas B. Fordham 
Institute, the nonprofit education policy organization based in Washington, DC and 
Dayton, Ohio. Its stated mission is "to close America's vexing achievement gaps by 
raising standards, strengthening accountability, and expanding education options for 
parents and families" (Fordham Institute, 2010, p. 1). In 2007, Byrd et al. undertook a 
thorough review of both the AP and IB programs. They summarized the benefits of both 
as having academic expectations for the courses decently expressed, having the end-of-
course exams well aligned to the curriculum, and having the grading standards clearly 
described and accessible to teachers and students. They went so far as to state that,  
The AP and IB curricula and exams are certainly much better than nearly all of 
the state standards and exams we have reviewed in years past. A great advantage 
for students taking AP and IB exams is the promise of tangible benefits for those 
who do well on them. Those who succeed have an advantage when they apply to 
or matriculate at post-secondary institutions. By contrast, doing well on most 
state-developed high school exams has no notable effect on students’ college 
admission or placement (unless, of course, they fail to pass and are denied their 
diplomas). (p. 17) 
Finally, Byrd et al. (2007) noted that the IBO does a very good job of keeping a tight rein 
on its programs and teachers to ensure consistency of course quality around the globe via 
a system of standard formative and summative assessments that are administered both 
internally (by classroom teachers) and externally (by IB examiners). 
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Drawbacks of Dual-Credit, AP, and IB Models 
 
Critics of dual-credit classes are concerned about lack of instructional quality and 
the credibility of such college-level coursework (Bailey et al., 2002; Boswell, 2001; 
Robertson et al., 2001). A recent report by the Education Commission of the States (ECS) 
(2010) revealed that some critics contend that dual enrollment courses without an end-of-
course assessment have no measure to ensure that the level of rigor matches that of 
traditional post-secondary courses that end the class with a final examination. Even if 
courses meet rigorous criteria, students are often denied transfer credit at another post-
secondary institution. As such, the value of dual enrollment as an option for students to 
save money and time to degree could be negated (ECS, 2010). 
Like dual-credit programs, the Advanced Placement and International 
Baccalaureate programs have also faced criticism. In the same program review conducted 
by Byrd et al. (2007), they critically concluded that “AP courses are too rigid, confining, 
and single-minded, that they are a means to the ends of college admissions and credit 
rather than an opportunity for deep learning” (p. 7). They additionally expressed specific 
concerns about the breadth and/or rigor of some of these courses, and about the 
accessibility or clarity of expectations in others. Another specific concern is that 
individual IB courses cannot be offered in schools without of adoption of the entire 
IBDP, which prevents more students from access to IB courses (students may enroll in 
individual classes after their school adopts the IBDP). Byrd et al. drove home the point: 
Contrast this to the AP program, which makes its courses available to any school 
with teachers game to undertake them. We just wish the AP program had more 
quality control mechanisms to ensure that classes are consistently taught to a high 
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level. Surely somewhere between IBO’s rigid oversight and AP’s laissez faire 
approach is a happy medium that ensures course quality without unnecessarily 
limiting the numbers of students who can take advantage of it. (p. 17) 
Despite Byrd et al.’s (2007) assertion that the IB is keeping a tight rein on its 
programs, the rapid expansion of the IB in the past 10 years, especially in the U.S., belies 
this statement. As one IB teacher put it: 
A quick visit to the OCC forums for various subjects would disabuse Byrd of this 
idea. In TOK for example, one of the chief examiners told me directly that it 
would be years before TOK Essay reliability was gained. That combined with the 
idea that the IBO is growing faster than the program can properly train examiners 
has led to online training which is woefully inadequate. The IBO is graded 
according to descriptors which use terms such as good, adequate, etc., begging the 
question, good compared to what? (J. W. Mikkelson, personal communication, 
July 12, 2010) 
A further drawback of all three programs is found in the way they are 
implemented in most U.S. secondary schools. Until the recent push ignited by NCLB and 
RTTT to offer rigorous coursework to all students, these programs were initially only 
offered to a small, highly capable sub-population of U.S. secondary students as selected 
by school faculty and/or administration (Perna, L. W., May, H., Yee, A., Ransom, T., 
Rodriguez, A., & Fester, R., 2015; Bland & Woodworth, 2008), basically creating a 
“school-within-a-school” gifted program. Research into school-within-a-school programs 
has shown negative, segregating social consequences for all students (Matthews & 
Kitchen, 2007), such as fractured relationships, rivalries, inequitable tracking, diminished 
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school coherence (Dewees, 1999), and perceived disparities in privilege, public attention, 
and resources (Gootman, 2004; Klopfenstein & Thomas, 2010). Minority students are 
particularly affected by this segregation, reducing the number of minority students 
willing to participate in these rigorous programs that are perceived to be elitist (Lillejord 
& Wieland, 2010). The stigma associated with participating in these “elitist” programs 
may not disappear even if they are opened to or made mandatory for all students. 
A specific criticism of the IB programme is aimed at the international intent of the 
program. IB critics in the U.S. are against a westernized international view imposed on 
programme participants. Parents of U.S. students have staged protests in Minnesota, 
Florida, and Idaho, stressing worries that the IB programme is spreading anti-American 
sentiment in local schools and arguing that U.S. schools should teach American 
citizenship before global citizenship (Education Week, 2006; Robelen, 2010). Lodewijk 
van Oord (2007), teacher of Middle Eastern History and Peace and Conflict Studies at the 
United World College of the Atlantic, Wales examined the underlying educational 
philosophy of the IB Diploma Programme. He argued that the programme is overtly 
international at the content level but thoroughly western at the epistemological level (van 
Oord, 2007). He justified his conclusions by citing the “international” themes in each 
aspect of the IB Diploma Programme at the content level. For example, there are 80 
different first languages in Group I, encouraging students to maintain ties to their own 
culture (Carder, 2006) because “an understanding of the nature and value of one’s own 
culture is a fundamental starting point for any educational programme claiming to be 
international” (International Baccalaureate, 2002, p. 8). Additionally, Group I requires 
the study of literary works from other regions and languages, expanding students’ global 
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knowledge. Van Oord (2007) pointed out, however, that the IBDP grew out of a “western 
humanist” tradition and as such, many educators are worried that the programme is “too 
westernized” or “Eurocentric,” and as such, that the educational philosophy of the IBO is 
largely monocultural (Walker, 2002). This is a worry to some as they fear that the IB 
programmes might perpetuate cultural imperialism (Drake, 2004; Fox, 1985) despite its 
intention to ensure that students “appreciate the diversity of models of learning, of which 
the western humanist is one” (International Baccalaureate, 2002, p. 51). 
A more recent look at the international intention of the IBDP was conducted in 
2009 by Paul Tarc, professor at the University of Western Ontario and author of Global 
Dreams, Enduring Tensions. He defined what it means to be “international” in terms of 
education,  
On the one hand, the term “international” refers, most literally, to programs that 
are recognized or enacted across or between national jurisdictions; on the other 
hand, the term “international,” where modifying education, invokes a set of 
liberal-humanist visions and progressive pedagogical approaches hinged on 
modernist hopes that education can make a more peaceful and prosperous world. 
(p. 236) 
Lastly, the rapid expansion of the IB programme in U.S. public schools has added 
a new worry, that the IB programme may become “Americanized.” Tristan Bunnell 
(2011b), an educator at the Copenhagen International School in Denmark, pointed out 
that as of July 2009, 38% of all IB schools were in the U.S., making the new “IB World” 
(the new, globally-branded IB programme re-launched in 2007) more concentrated and 
North-American-centric.   
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A specific criticism of the Cambridge International Examinations program is its 
relatively recent appearance on the scene of advanced curriculums. As such, only two 
studies exist on the AICE/CIE program, both by Shaw and both funded by the University 
of Cambridge. 
Existing Research 
 
Dual-Credit research.  Researchers have recently begun to study the various 
forms of dual-credit programs and these early studies have primarily documented what 
these programs look like, growth of the programs, or what state policies are necessary to 
support them. Currently the most available criterion for assessing the success of these 
programs is to look at post-secondary performance (GPA or more commonly percentage 
of on-time graduation from a four-year post-secondary institution) of students who have 
participated in these programs during their secondary education. However, studies of the 
post-secondary outcomes of dual-credit classes are difficult to conduct due to lack of data 
that could be used to determine if dual-credit classes actually improve student’s post-
secondary performance. Specifically, an understanding of the learning and social 
characteristics of participants before enrollment in dual-credit courses is needed, so that 
an accurate matched comparison can be made to similar students who do not participate 
in dual-credit classes during secondary education. Unfortunately, high schools do not 
routinely share such data on their students, hindering a comparison to the data colleges 
have. Thus, studies that examine the relationship between dual-credit participation and 
subsequent post-secondary outcomes using a statistically rigorous design are rare. 
One such longitudinal study comparing students who had participated in a dual-
credit program to those who had not at Saint Louis University in Missouri was 
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undertaken in 1999 by Delicath. This study demonstrated that dual-credit participation 
influenced students' ability to persist and graduate but did not significantly influence time 
to graduation at Saint Louis University (Delicath, 1999). 
A 2001 study by Clark demonstrated that four-year college students who 
participated in a high school dual enrollment program have, on average, a higher college 
GPA and a higher four-year graduation rate than students who did not participate.   
A 2004 study by the Florida Department of Education showed that students who 
had participated in dual enrollment have higher post-secondary aspirations, entered post-
secondary education at higher rates, and were retained at slightly higher rates than non-
participating students, at least in the state of Florida.  
Most recently, Karp et al. (2007) completed a longitudinal study of concurrent 
enrollment outcomes in Florida and New York, controlling for the observed differences 
in initial ability level in traditional academic areas between dual-credit students and non-
dual-credit students. With regard to academic indicators of success, dual-credit students 
were 4.3% more likely to receive a high school diploma, 7.7% more likely to enroll in a 
college, and had significantly higher (by 0.21) post-secondary GPAs than their non-
enrolled peers. These differences in GPA remained after three years of college, and dual-
credit students earned more post-secondary credits than peers who were not dually 
enrolled (Karp et al., 2007). However, other characteristics of high-achieving students 
exist that are difficult to measure, or are left unmeasured, such as motivation. It is 
possible that students who elect to participate in dual-credit programs are more motivated 
in general, which could account for some or all the observed results.  
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Also in 2007, Smith looked at the dual-credit programs in Kansas. This study 
indicated that participation in dual-credit programs had a positive and significant 
relationship with educational aspirations, at least in Kansas. 
While the results from several small, localized studies build support for the 
positive post-secondary outcomes for dual-credit program participants, additional, larger, 
matched studies are needed to determine if these trends persist. 
AP research. Unlike research into dual-credit programs where collecting 
adequate data is difficult, massive amounts of data have been collected on the number of 
AP exams taken, student demographics, and school demographics. However, like 
research on dual-credit programs, most research on the AP program to date focuses only 
on the post-secondary outcomes associated with this program.   The first review of the 
AP program was conducted in April 1962 by Edward T. Wilcox, then director of the 
Program of Advanced Standing at Harvard University, 11 years after the AP program 
emerged. In his faculty report, Wilcox wrote that incoming students that had taken 
college-level AP coursework in secondary school and were thus eligible for sophomore 
standing demonstrated an “increasing competence” on exams at Harvard. He also stated 
that he felt that AP courses were not comparable to lower-level general education classes 
students would take as a freshman at Harvard (Wilcox, 1962). 
Using data collected in 1967, Burnham and Hewitt (1972) conducted one of the 
first systematic analyses of the performance of AP students in college examining English 
and mathematics courses at Yale University. Their findings suggested that AP students 
performed better than non-AP students, and that they took more college courses in the 
same subject areas that they studied at the AP level in secondary school than did students 
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who did not focus on the same subject areas post-secondarily. However, this may only 
indicate that the students taking AP courses were already planning on studying in that 
field at the college level (J.W. Mikkelson, personal communication, July 12, 2010). 
In 1978, Chamberlain, Pugh, and Schellhammer conducted the first matched 
research evaluation of the AP program. Three measures of academic success were 
compared over a four-year period for equal numbers of AP freshman and non-AP 
freshman (N = 344) matched by gender and SAT distribution. AP students completed 
more course hours per semester, took more courses at the junior level or above, and 
earned a higher cumulative GPA. Despite the limited inference that can be made from 
these academic measures, this matched study was the most rigorous undertaken since the 
inception of the AP program. 
Cahow, Christensen, Gregg, Nathans, Strobel, and Williams of Duke University 
undertook a similar general review of their AP students in 1979. AP students were 
observed to earn higher GPAs their freshman year, earn overall higher GPAs, and 
graduate with distinction. However, this was not a matched study and as such, the 
comparison of AP to random non-AP students is not as reliable as it could be. 
A 1982 study at the University of Michigan by Simms compared the performance 
in upper-level post-secondary courses of AP students who had earned AP credit to that of 
non-AP students who completed the equivalent freshman class. The main conclusion was 
that students with AP exam scores of 3 or higher were sufficiently prepared for 
enrollment directly in upper-level courses, and that they did not suffer academically as a 
result of advanced placement (as cited in Everson & Donnelly, 2010; as cited in Morgan 
& Ramist, 1998; as cited in Willingham & Morris, 1986).  
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The first study looking at AP students from more than one post-secondary 
institution (N = 9; see Appendix A for list of colleges) was conducted by Willingham and 
Morris in 1986. They examined the college careers of more than 1,000 students who had 
participated in AP as compared to more than 3,000 students who had not, controlling for 
ability level and other possible measures of achievement using a residual analysis, similar 
to the matching method, as described in detail in Willingham (1985). They found that AP 
students were more likely than their non-AP peers to specialize in majors with tougher 
grading standards and to double major and were less likely to drop out. Compared to 
matched classmates of similar ability and compared to freshman in general, the AP 
students were more likely to maintain a B average (59% versus 37%, see Figure 3) and to 
graduate with honors (p. 27).  
 
Figure 4. Percentage of AP Students as Compared to Matched Non-AP and All Non-AP 
Students Earning a B Average in Post-Secondary Course Work in Each Academic Year 
at Nine Colleges from 1978-1984. Adapted from “Four Years Later: A Longitudinal 
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Study of Advanced Placement Students in College,” by W.W. Willingham and M. Morris, 
1986, College Board Report 86-2. Copyright 1986 by the College Board. 
Furthermore, the cumulative four-year GPA was a quarter grade higher for AP 
students as compared to non-AP students (3.13 versus 2.88) (p. 14). Additionally, 
students who participated in AP took more post-secondary coursework in the same 
subject areas of their AP Exams than did their peers (Willingham & Morris, 1986). 
However, as all participants in this study were matriculating at small, private, liberal arts 
schools, it is difficult to generalize these conclusions to AP students in general. 
Subsequently, Casserly (1986) examined the performance of approximately 300 
AP students at nine additional colleges (see Appendix A). After examining the course 
grades of all students, Casserly concluded that AP candidates who placed out of the 
introductory courses did better in the next upper-level course than those students who 
took the introductory course, supporting the study by Willingham and Morris (1986). 
However, Casserly found that many institutions did not have a uniform grading system 
for different faculty teaching the same class, and as such, found it hard to compare 
performance using this criterion. 
The next larger study was undertaken by Morgan and Crone in 1993. They 
examined the performance of more than 3,000 AP students just within the University of 
California system who were given advanced placement in biology, calculus, and 
chemistry. Although the study was limited to first-year courses, the data indicated that 
AP students continued to pursue knowledge in the subject area of their exam at greater 
rates than other students. Furthermore, for most levels of coursework, students with AP 
grades of at least 3 received grades in the courses into which they were placed that were 
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higher than the non-AP students. Again, a lack of uniformity in grading practices may 
influence the conclusions of this study. 
The largest study of AP post-secondary outcomes to date was undertaken by 
Morgan and Ramist (1998) of the Educational Testing Service (ETS). They were the first 
to study a larger, diverse sample of students (N = 66,125 total students, N = 27,268 
former AP students with at least one AP grade) from 21 different colleges that accepted 
AP credit (see Appendix A for list of colleges). Data were received from the summer of 
1993 through the spring of 1994 and contained first-year and second-year information for 
all colleges and third-year information for several colleges as well. Based on the results 
of this investigation, for most AP Exams, students with AP grades of 4 and 5 performed 
well in the second level coursework after being placed out of the introductory course. As 
expected, students with AP exam scores of 3 generally averaged lower course grades than 
did the students achieving a score of 4 or 5. However, in most the courses they received 
average course grades better than 3.00 and regularly earned course grade averages higher 
than students who took the introductory courses. This difference, however, lessened or 
disappeared for third year and subsequent classes. See Appendix B for data as reported 
by Morgan and Ramist (1998).  
Several smaller studies have added support for the post-secondary success of the 
AP program. Curry et al. (1999) stated that three-fourths of students who earned a score 
of 3 or higher on their AP examinations in 1997 went on to obtain advanced college 
degrees. Lichten (2000) found that calculus students who received an acceptable score of 
3 or higher on their AP exam compared to students who did not take an AP exam were 
more likely to take advanced courses in calculus in college. Previous research by 
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Adelman (1999) suggested that taking an advanced math class is a strong predictor of 
post-secondary success. Morgan and Maneckshana (2000) reported that AP students were 
more likely than others to get their degrees within four years. Horn and Kojaku (2001) 
reported that students who completed more rigorous curriculums in high school were 
more likely to stay at their initial college and stay on track to a bachelor's degree. Dodd, 
Fitzpatrick, De Ayala, and Jennings (2002) added further evidence to support that AP 
students earned significantly higher college GPAs than non-AP students by comparing 
AP students to the entire student body for four entering classes at the University of Texas 
at Austin between 1996 and 1999.  
A 2003 study by Camara suggested that taking 
rigorous academic courses [AP] in high school greatly improves college-going 
rates, but as importantly, dramatically increase students’ success in college. Three 
years after entering college, 87 percent of students who had taken rigorous course 
work in high school remained on track for a bachelor’s degree compared to 62 
percent of students who had not completed even a core curriculum. (p. 2)  
A current teacher at Shanghai American School in China refuted Camara’s conclusion: 
[This is a] faulty cause and effect conclusion. Of course, this only means that 
those students who opted for the AP courses to begin with were better qualified to 
study difficult classes than were other students who did not take those classes. 
(J.W. Mikkelson, personal communication, July 12, 2010.  
While Camara’s (2003) study was based upon data provided by the U.S. Department of 
Education for the 1995-1996 academic year it was still only a snapshot of the post-
secondary outcomes for students participating in the AP program. Unfortunately, very 
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little information is provided about the sample population and as such it is hard to 
determine if there might be other factors influencing these conclusions. 
One of the first contradictory studies was conducted in 2004 by Geiser and 
Santelices at UC Berkley looking at students (N = 80,000) entering the University of 
California between 1998 and 2001. Of interest was the role of AP and honors credit in the 
admission process. Using an analysis that controlled for SES and prior academic 
achievement, the researchers found that the relationship between the number of AP 
and/or honors courses taken during high school and students’ subsequent performance in 
college (as measured by freshman G.P.A) was a relatively weak statistical relationship. 
Geiser and Santelices concluded that “controlling for school API quintile and parents’ 
education as well as unweighted [high school G.P.A.] HSGPA and test scores, the 
number of AP/honors courses that students take in high school bears almost no 
relationship to their college grades” (2004, p. 14). 
A more recent and quantitatively rigorous study examining AP student post-
secondary outcomes was a matched study conducted in 2008 by Keng and Dodd. They 
undertook a thorough research study of AP exam score distributions for 10 AP subject 
areas for students entering the University of Texas, Austin. Data were collected from 
students between 1998 and 2001 (N= 5,910 for 1998, N = 6,345 for 1999, N = 6,467 for 
2000 and N = 6,219 for 2001), looking at AP students’ post-secondary performance for: 
(1) AP Credit Group: students who scored high enough on AP exam to be awarded credit 
for introductory college course, (2) AP No Credit Group: students who took AP exam but 
did not score high enough to earn college credit, (3) AP Did Not Claim CBE Group: 
students who took AP exam and scored 3 or better but choose to enroll in college 
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introductory-level classes instead, (4) Concurrent Group: students who participated in the 
introductory class as dual credit with the option of taking the AP exam but did not take 
the exam, and (5) Non-AP Group: a control group of students who did not take the AP 
exam or participate in the dual credit class.  
Based on examination of effect sizes (partial ƞ2) (see Table B2), Keng and Dodd 
(2008) reported three significant trends: (Trend 1) AP students who earned credit by 
exam (AP Credit group) consistently outperformed other types of students in college, 
especially in the related subject area and this trend held true in all 10 AP subject areas, 
(Trend 2) for 6 of the 10 AP subject areas, concurrently enrolled students earned the most 
college credit hours in the related subject area in comparison to the AP No Credit and 
Non-AP groups, and (Trend 3) for 4 of the 10 AP subject areas, students in the AP No 
Credit Group displayed the worst post-secondary performance out of the 5 comparison 
groups (Keng & Dodd, 2008). One limitation of this study was the convenience sampling 
of students from a single college campus, reducing the generalization ability of this study. 
Additionally, this study could be augmented by matching students on additional factors 
such as SES and level of parental education (Keng & Dodd, 2008). 
The same data were reevaluated in 2009 by Murphy and Dodd with more 
stringent matching between AP and non-AP student data. Outcome measured included 
first and overall credit hours taken, first and overall GPAs, and subject area credit hours 
and GPAs. In addition, higher-level course grades were analyzed in those subject areas 
where there was a required sequent course. The results showed AP students who earned 
course credit consistently outperformed their matched Non-AP group on most of the 
college outcome measures. The findings also revealed AP students took significantly 
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more credit hours their first year than the concurrently enrolled students. The results 
implied that the findings of previous studies still apply despite the rapid expansion of the 
AP Program.  
These two studies are unique as not only do they compare non-AP students with 
AP students, they also compare AP students who did not earn credit-by-examination and 
AP students who elected to take the post-secondary course rather than accept the credit-
by-examination in the course. In the future, the inclusion of additional non-AP groups 
will provide a better comparison group for each of the AP groups, respectively (Murphy 
& Dodd, 2009). 
Thompson and Rust (2007) conducted one of the few contradictory studies, 
finding that there was no statistically significant effect (MANCOVA) in higher-level 
post-secondary grades for AP status. However, this study suffered from several flaws, 
including a small, convenience sample lacking in diversity, specifically all participants 
were enrolled in the same program at the same university having a GPA of 3.0 or higher. 
If the AP program is currently being implemented with the intention of increasing rigor 
for all students in secondary schools, a more academically diverse group of post-
secondary learners needs to be studied.  
Many of these studies suffer from the same two limitations: the lack of sample 
diversity of the participating students and/or colleges and the limited use of only first-
year or single upper-level class grades for comparison. Very few large-scale, rigorous 
program evaluations have been undertaken. Of those that have been conducted (Keng & 
Dodd, 2008; Klopfenstein & Thomas, 2009; Mattern, et al., 2009; Morgan & Ramist, 
1998; Murphy & Dodd, 2009; Willingham & Morris, 1986), none, including the two 
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based on the same data set, have occurred in the past five years, suggesting that the 
results from past studies may not be applicable to the AP program at present given its 
rapid expansion in the U.S.  
As the AP program continues to expand so must the number and frequency of 
rigorous studies examining the secondary and post-secondary outcomes of the program 
for participants in all their variations as suggested by Murphy and Dodd (2009) and 
reiterated by Challenge Success (2013). As the AP program is increasingly implemented 
in U.S. high schools with the intention of increasing rigor to improve student 
achievement, extensive research aimed at assessing the educational outcomes at the 
secondary level must be undertaken. While the AP program has garnered much respect 
for its research-based, positive post-secondary outcome, it is dangerous to assume these 
positive outcomes will hold true for the increasingly diverse student populations being 
exposed to the program as a result of the current search for increased rigor in the high 
school classroom. 
IB research.  In comparison to research on the AP program, research on the 
secondary and post-secondary outcomes for IB programme participants is lacking. Since 
its foundation, the IB has stated that participation in the programme exposes students to 
the “potential for high academic achievement in tertiary level study, the acquisition of 
skills associated with “learning how to learn” and the development of “international-
mindedness” emergent from the overall experience of undertaking the programme” 
(International Baccalaureate Research Team, 2007). Several small-scale studies have 
been conducted since its inception in 1968, but the first large-scale study funded by the 
U.S. DOE examining unequal access to IB by Perna et al. (2015) at the University of 
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Pennsylvania was not undertaken until 2009 (Cavanaugh, 2009), some 31 years later. 
Additionally, much like dual-credit and AP, much of the research to date has focused on 
the perceptions of the programme and has occurred by “informal and spasmodic 
anecdotal feedback from those responsible for admissions and teaching in universities 
across the world” (International Baccalaureate Research Team, 2007, p. 4).  
Thomas (1991) undertook a research project for the IB in 1986 to track IB 
diploma holders through their university studies. This study asked 26 British universities 
to provide data and comments about 1,036 IB students who participated in university 
examinations between 1971 and 1987. The results showed that 98 percent of these 
students completed good “honours” degrees (as cited in IB Research Team, 2007). As 
this study is cited as an internal report, it is not possible to further interpret these findings.  
In 1999 as the focus of her dissertation, Dr. Linda Duevel surveyed former and 
current IB students who obtained their diplomas between 1984 and 1997 at 12 
universities in the U.S. to determine the value of earning an IB diploma as a predictor of 
success at university and beyond. The 95 respondents included 64 U.S. high school 
graduates from 12 states and 31 graduates of international schools from 13 countries all 
who have attended a variety of colleges and universities, including Harvard, Stanford, 
Cornell, Bryn Mawr, Swarthmore and MIT. Academic results suggested that the 
successful completion of the IB Diploma Programme was an effective predictor of 
completion of a first degree at university. Additionally, 54% of the respondents reported 
attending graduate school and 57% of U.S. graduates stated that their IB experience 
played a role in their career choice. Seventy-four percent of respondents (77% of U.S. 
respondents) continued to be involved in community service as adults, compared to 50% 
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U.S. national adult civic involvement (Duevel, 1999). Duevel’s results suggested that that 
the IB programme was achieving its goals internationally. However, other than the 
comparison for civic involvement, no other comparisons to non-IB students were made. 
Additional information is necessary to determine what influence other factors, such as 
completion of individual IB classes as compared completion of the IB full diploma, have 
on post-secondary outcomes. Only then can the influence of the IB programme be more 
successfully investigated. 
In 2010, Shah, Dean, and Chen of the IB Global Policy and Research Department 
(IBGPRD) published the results of the first matched (year of enrollment, race/ethnicity, 
family income, and high school academic performance) study of 1,547 U.S. high school 
students enrolling the University of California (UC) system between 2000 and 2002. 
Descriptive statistics showed that IB participants earned higher GPAs and graduated at 
higher rates than non-IB, matched peers (Shah et al., 2010). The study concluded that IB 
students in the UC system performed better overall than non-IB matched peers and that 
participation in IB DP in high school significantly (~25% of variance after matching, 
significance level not reported) predicted achievement in college (Shah et al., 2010). 
While the UC system encompasses several diverse locations and thus populations in 
California, generalizations to IB students across the U.S. are limited.  
Coca, Johnson, and Kelley-Kemple (2011) looked at IB students that graduated 
from Chicago Public Schools between 2003-2007 and their post-secondary enrollment 
patterns. They found that when compared to matched non-IB peers, IBDP students were 
40% more likely to attend a four-year university, they are 50% more likely to attend a 
selective university, and they are significantly more likely to persist in four-year colleges 
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at least for the first two years. Additionally, IBDP students reported feeling more 
prepared to succeed in college due to the specific skills learned during their enrollment in 
the IBDP (Coca et al., 2011). However, use of a convenience sample again limits the 
generalizability of the results of this study. 
Inkelas, Swan, Pretlow, and Jones (2012) from the Center for Advanced Study of 
Teaching and Learning in Higher Education, looked at the benefits of completing the IB 
extended essay in high school on academic outcomes at the University of Virginia 
(UVA). This study reported that 73% of students that had participated in the IB extended 
essay self-reported participation in at least one research project while at UVA, compared 
to 66% of former AP students. Former IB students also reported a higher level of interest 
in their research project than former AP students (Eta sq = 0.03, p < 0.006), more pride in 
their research project (Eta sq = 0.02, p < 0.006), and more satisfaction with their research 
experience (Eta sq. = 0.03, p < 0.006). Additionally, former AP students felt significantly 
more unprepared for research in college courses the former IB students that had 
completed the extended essay (Stand. Resid. = 2.9, χ2(4) = 20.78, p < 0.001). Lastly, the 
researchers found that the extended essay score correlated with cumulative college GPA, 
but only slightly more so (4% of the variance explained) than gender, ethnicity, high 
school GPA, SAT Verbal + Math score, and Pell grant eligibility (Inkelas et al., 2012). 
The researchers pointed out the limitations of this study, including convenience sampling 
that led to an imbalance of gender, race/ethnicity, SAT scores, and high school GPA of 
the former AP and IB students represented in this study. Additionally, use of former AP 
students as the control group further limits the generalizability even to the UVA 
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undergraduate body. Lastly, moderate correlation between IB extended essay score and 
overall IBDP score may lead to shared variance (Inkelas et al., 2012). 
In 2013, Olivia Halic of the IB Global Research Department, examined post-
secondary enrollment patterns of 11,273 students participating in the IBDP in 2005 and 
enrolling in college between May 2005 and November 2011. This study found that 77% 
(N = 6481) of IBDP diploma recipients and 78% (N = 2198) of IBDP participants (IB 
diploma not received) immediately enrolled in a U.S. postsecondary institution, and 92% 
(N = 10,320) of IBDP participants enrolled in postsecondary education by November 
2011 as compared to the national average of 69% in 2005 (Halic, 2013). Of those IBDP 
recipients enrolling immediately, 97% (N = 6294) enrolled in a four-year institution as 
did 91% (N = 1993) of IBDP participants, compared to the national rate of 56% (Halic, 
2013). Of those enrolled at a four-year institution, 98% remained for at least the first year 
and 97% remained for at least two years, compared to the national rates of 75% retention 
after the first year. Lastly, of the IBDP students enrolling at four-year institutions, 74% 
graduated on time in four years comparted to the national rate of 38% and 87% graduated 
in six years compared to the national rate of 56% (Halic, 2013). While the results of this 
study show improved academic outcomes for students participating in the IBDP, the 
study admittedly did not account for student demographics, previous academic 
achievement, or include students participating in the IB program without seeking the full 
diploma. As noted before, as the IBDP is often treated as a gifted and talented program, it 
is not surprising that participants enroll in post-secondary education at a higher rate than 
average. 
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Solicited by the IB in 2014, researchers led by David Conley at the Educational 
Policy Improvement Center conducted one of the few studies that examined post-
secondary academic performance of students participating in the IBDP. Students 
completing at least four IB courses during high school were compared to their non-IB 
peers while enrolled at Robert D Clark Honors College at the University of Oregon 
between 2005-2012. A comparison of college persistence, an indicator of college success, 
revealed that 98% (N = 192) of IB students persisted compared to 91% (N = 1359) non-
IB students and that persistence in college was dependent on group membership (χ2 = 
11.36, p < 0.001). However, after controlling for gender and minority status, researchers 
did not find a group difference for GPA (Conley, McGaughy, Davis-Molin, Farkas, & 
Fukuda, 2014). 
In 2014, Anna Saavedra of the RAND Corporation investigated the academic 
impact of enrollment in IBDP in Chicago Public Schools (CPS) between 2002-2007, 
controlling for previous academic achievement (7th grade ITBS math and reading test 
scores), gender, family income, race, school and cohort. The study showed that IB 
enrollment increased students’ high school academic achievement as measured by ACT 
score (N = 11,148, r2 = 0.692, 0.54 SDs, p < 0.01), probability of high school graduation 
(IB 20% greater than non-IB, p < 0.001) and probability of college enrollment (IB 38% 
greater than non-IB, p < 0.001), even more so for boys than for girls. She concluded that 
investing in the IBDP is a cost-effective way to increase high school graduation rates. 
Self-reported convenience sample selection bias (low IB enrollment compared to number 
of students eligible) may have contributed to slightly overestimating the propensity score 
results of this study, however, the researcher performed Rosenbaum’s sensitivity analyses 
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and determined that such bias is not a likely issue for this data set (Saavedra, 2014). The 
only drawback to this study is the limited generalizability as the sample only included 
students from CPS, which is demographically dissimilar to the 2010 U.S. IB population, 
where 65% of CPS IB students receive free/reduced lunches versus 20% for U.S. IB 
students and 74% of CPS IB students are minorities versus 43% of U.S. IB students.  
Most recently, at the request of the IB, Liz Bergeron (2015) examined post-
secondary enrollment and outcomes for students participating in IBDP between 2008 and 
2014. She found that 92% of IBDP students enrolled in college compared to the national 
rate of 69%, and 78% enrolled immediately. Additionally, 94% of those enrolling did so 
at a four-year institution compared to the national average of 60%. Of those enrolling, 
98% remained for at least their freshman year compared to the national rate of 68.7%, 
96% remained through the end of their sophomore year, 79% graduated in four years, and 
83% graduated in six years (Bergeron, 2015). While this analysis demonstrated 
impressive retention rates by former IB students, it did not report on the academic 
achievement of these students. 
Also spurred by NCLB and RTTT, growth of the IB Programme in the U.S. has 
surpassed that of the AP program in recent years, especially with the addition of the IB 
PYP, MYP and CP programs (International Baccalaureate, 2017b). As such, this survey 
of current research on the academic outcomes of participation in the IB program 
reiterates the conclusion of Bailey and Karp (2003): a need for additional, current, and 
rigorously designed research into the secondary and post-secondary outcomes of the IB 
Programme. 
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Cambridge International Examinations research.  Much like research on the 
IB program in U.S. schools, research on the CIE programme is sparse and what is 
published has been funded by the University of Cambridge itself. One such study was 
conducted by Shaw and Bailey in the Fall of 2011 on 8,500 students at Florida State 
University (FSU) to determine if Cambridge is a good preparation for university study, 
including comparisons to the AP and IB programs. The study found that while 
Cambridge students achieved, on average, 0.118 higher on FSU GPA than IB students, 
after controlling for race, gender and SAT score, there was no evidence of any statistical 
difference between Cambridge and AP students. Additionally, after controlling for SAT 
score, Cambridge students achieved a higher GPA, on average, than IB students and 
students having no incoming extra credit (AP, IB, DC, or CIE). After controlling for 
gender and SAT score, Cambridge students attained a higher GPA, on average, than IB 
students and students having no extra credit. After controlling for race and SAT score, 
white students achieved a higher GPA than black, Asian and Hispanic students, and 
Cambridge students achieved a higher GPA, on average, than IB students and students 
having no extra credit. After controlling for gender, race and SAT score, Cambridge 
students earned a higher GPA, on average, than IB students and students having no extra 
credit. A major drawback of this study, however, was the reliance on a single indicator of 
academic success, freshman year GPA. 
 Funded by the University of Cambridge again, Shaw revisited FSU in the summer 
of 2014 with Warren and Gill. This second phase of research, based on additional data 
from FSU, looked at the impact of Cambridge and the other acceleration programs (AP 
and IB) on various aspects of university engagement. This study revealed very small 
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effects on university academic achievement (at FSU), namely that the number of credit 
hours earned in high school in these advanced programs improves university performance 
for all three acceleration programs (AP, IB, CIE), with the most gain by students 
participating in AP and the least gain shown by those who participated in IB (Shaw, 
Warren, & Gill, 2014). Additionally, students participating in AP and AICE/CIE and 
earning the same number of credit hours were equally likely to persist in their university 
studies, whereas IB students who earned the same number of credit hours were less likely 
to persist (Shaw et al., 2014). 
Research addressing increased minority participation.  Very few research 
studies have examined the achievement outcomes of traditionally low-achieving students 
who participate in an advanced course of study such as dual credit, AP, IB, or CIE. 
Typically many school districts have treated their DC, AP, IB, and CIE programs as an 
extension of K-8 gifted and talented programs, maintaining minimum criteria for 
admission (Burris et al., 2007; Lillejord and Wieland, 2010; Mayer, 2008). These 
admissions restrictions have contributed to an underrepresentation of minority, ELL, and 
low-SES students in these programs (Bland & Woodworth, 2008; Doughtery, et al., 2006; 
Klopfenstein, 2003; Kyburg et al., 2007; Perna et al., 2015). 
In 2007, three researchers from the University of Virginia conducted a largely 
qualitative study of AP and IB programs in three urban high schools, asking if these 
programs were an “optimal learning environment for talented minorities” (Kyburg et al., 
2007, p. 172). The researchers concluded that: 
This research, along with the larger study (Hertberg-Davis et al., 2006), suggests 
that when consistent and widely endorsed support structures are in place over a 
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lengthy period of time, talented students of diverse backgrounds can overcome 
deficits in requisite study skills, background knowledge, and language, enabling 
them to derive a sense of success and accomplishment within standardized AP 
and IB experiences in preparation for future advanced courses of study. To ensure 
that all capable students can successfully participate in AP and IB courses, these 
curricular options should be situated within a broader, unified school culture 
focused on high expectations, coupled with a rigorous commitment to providing 
scaffolding and support to enable all talented learners, regardless of background 
experiences, culture, ethnicity, or socioeconomic status, to succeed. (p. 206) 
While this study addressed the success by minority students participating in these 
advanced programs at three urban high schools, it did not examine any actual 
comparative measures of achievement (such as post-secondary enrollment or 
performance as seen in most research studies examining these advanced academic 
programs). Additionally, the researchers based their conclusions on data collected from 
“talented” minority populations, not the minority population as a whole. Finally, the 
secondary schools participating in this study had been implementing the AP and IB 
programs for many years prior to their attempt to increase minority participation and 
“scaffolding” support such as extra study hall periods, a summer course focused on study 
skills, increased one-on-one time with teachers reviewing essays in progress, timely 
feedback of current grades, and subsidized college tours; schools newly implementing 
these programs may not enjoy the same success without similar scaffolding in place 
(Siskin, Weinstein, & Sperling, 2010). 
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 Another study was conducted in 2007 by the principal and IB coordinator at 
South Side High School (SSHS) in Rockville Center, New York in coordination with two 
researchers at the University of Colorado at Boulder. This report also focused on 
increasing minority enrollment in the school’s IB program. Detracking, open enrollment, 
G.P.A. weighting of IB classes, support for teachers and struggling learners, high 
expectations for all students, and purposeful encouragement to enroll by the IB 
coordinator led to this increased enrollment (Burris et al., 2007). Despite an increase in 
minority enrollment, SSHS IB students continued to perform better than the world mean 
score in Math and consistently just below the world mean score in English (Burris et al., 
2007). Additionally, Burris et al. (2007) reported that SSHS students with the highest 
scores on the math and verbal sections of the PSAT experienced increases in their IB 
exam scores as the IB classes became more heterogeneous. While the authors claimed 
that SSHS success demonstrates the feasibility of all students learning at a rigorous level, 
this was a very small study conducted at a single secondary school (the only high school 
in this district) where 75% of students are Caucasian and as such, the conclusions of this 
research cannot be generalized to any extent. 
In 2008, Anysia P. Mayer, then a graduate student at the University of 
Connecticut, conducted an in-depth qualitative review of the IB program at one diverse, 
Title 1 high school in California she called “Jefferson” in an urban school district she 
called “Portville.” While Meyer’s study reinforced Kyburg et al.’s (2007) conclusion that, 
“…implementing a rigorous academic curriculum [is] only the first step in the process of 
raising the academic achievement of Latino and African American students” (p. 204) and 
that, “not only can an urban school serving Latino and African American students 
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successfully implement a rigorous college preparatory program such as IB, with the 
appropriate scaffolds, this program can benefit a wide range of students” (p. 204), it also 
suffered from the same drawbacks, namely lack of any supporting achievement data. In 
fact, the data cited showed achievement in these classes has decreased as the percentage 
of full IB diplomas earned and percentage of IB exams passed has decreased as the 
program has expanded and minority enrollment has increased (Mayer, 2008). While some 
decrease in overall performance is expected as enrollment increases (U.S. Department of 
Education, 2000), there was not enough data presented to form any conclusions about 
academic achievement. The only evidence supposedly supporting the increasing success 
of the program was a single statistic citing that in 2006, 48 of the 55 diploma candidates 
went on to college (Mayer, 2008). 
In 2010 R. G. Smith, then in his 12th year as superintendent of the highly diverse 
Arlington, Virginia school district, anecdotally reported on the outcome of the school 
district encouraging the most rigorous classes (AP and IB in this case) for all students as 
a means to span their achievement gap. This was accomplished by reducing the number 
of “gate-keeper” prerequisites, collapsing the “well-defined separation of academic 
experiences for students” (Smith, 2010, p. 22-23), and an encouraging teachers, students, 
and parents in the belief that all students could succeed at high levels of rigor (Smith, 
2010). The results of these efforts saw three-quarters of the 2009 graduating class 
completing one or more AP or IB course during their high-school career (Smith, 2010). 
However, nowhere did Smith link increased participation to actual achievement gains 
other than increased participation, despite the title of his article. 
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 In conclusion, while much research exists on the implementation of these college-
level curriculums as a form of gifted and talented programs in U.S. secondary schools, no 
large-scale empirical studies have examined their role in school-wide secondary 
academic achievement. This study aimed to address that gap in the current literature and 
the specific research method, measures, and procedures used to do so are described in 
Chapter Three.  
Acronyms, Terms, and Definitions 
 
Accelerated Learning Option (ALO)- “Accelerated learning is a cluster of 
programs such as Advanced Placement, International Baccalaureate, dual/concurrent 
enrollment, Early College High Schools, and Tech-Prep, all with varying purposes, 
stakeholders, and consumers. All, however, are unified by an overarching objective of 
making the “border” between high school and college or the workforce more navigable” 
(Reindl, 2006). 
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Chapter Three 
Methodology 
Research Question 
 
 This study was designed to contribute to the research examining the academic 
outcomes associated with the implementation of college-level curriculum in public 
secondary schools in the U.S. Specifically, this study attempts to address the following 
research question:  
Does the implementation of a college-level curriculum, namely Dual-Credit, 
Advanced Placement, International Baccalaureate, Cambridge International 
Examinations or a combination of these programs, statistically significantly 
influence school-wide academic achievement when other known influences on 
between school variances are accounted for? 
Research Design 
 
This study is ex-post facto in design, utilizing publicly available secondary school 
demographic data and state-based end of course standardized exam scores. This design 
allows the researcher to theoretically include every public high school in Washington 
state (and later the U.S.). 
Sample and Sampling Procedure 
 
A convenience sample of all 763 public schools encompassing at least 10th – 12th 
grades in Washington state was utilized for this study. This data was obtained from the 
Washington State Report Cards found on the website WA Office of the Superintendent of 
Public Instruction (OSPI) at http://reportcard.ospi.k12.wa.us/DataDownload.aspx.  
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Data collection.  Data from all Washington public secondary schools’ OSPI State 
Report Cards was downloaded in Microsoft Excel files. These files included the 
following demographic, standardized exam, and graduation information for each school: 
School building number 
2. WA county number 
3. School district number 
4. School size defined as total number of students enrolled  
5. SES represented by number and percentage of students receiving free/reduced 
price meals  
6. Number and percentage of the student body identified as American Indian or 
Alaskan Native 
7.  Number and percentage of the student body identified as Asian 
8. Number and percentage of the student body identified as Pacific Islander 
9. Number and percentage of the student body identified as Black 
10. Number and percentage of the student body identified as Hispanic 
11. Number and percentage of the student body identified as White 
12. Number and percentage of the student body identified as two or more races 
13. Number and percentage of the student body identified as bilingual/transitional  
14. Number and percentage of the student body identified as special education  
15. Gender, represented as the percentage of the student body identified as Male  
16. College-level programs offered: AP, IB, DC, CIE  
17. Average years of teacher educational experience  
18. Number and percentage of teachers holding at least a master’s degree 
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19. Number of students in the adjusted 2015 4-year cohort  
20. Number and percentage of students passing and excelling on Washington state 
standardized End of Course Exam-Biology or Smarter Balanced Assessments-
ELA and Math  
21. Number of students graduating in 2015 
22. School district SES represented by number and percentage of students 
receiving free/reduced price meals 
23. School district total enrollment 
Description of participants.  In 2015, the state of Washington encompassed 301 
school districts organized in 39 counties. School districts range in size from 33 students 
to 52,865 students and included 763 secondary schools varying in size from eight 
students to 3,364 students. In some districts, for example, Seattle Public Schools, all 
schools were located in a large urban setting; however, some districts such as Northshore 
School District, Lake Washington School District, and Kennewick School District 
included schools located in urban, suburban, and rural settings. A listing and map of 
Washington school districts and a map of Washington counties can be found in Appendix 
C. 
 School buildings differed by the range of grades served; while most were 
comprised of 9th – 12th grades or 10th – 12th grades, some are a combined middle and high 
school encompassing grades 5-, 6-, 7-, or 8 – 12. The populations served by these schools 
also varied dramatically; percent of the student body identifying as a minority ethnicity 
ranged from 3.3% to 100%, and the percentage of students receiving free/reduced price 
meals ranged from 0% to 94%. 
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School districts also widely varied in percentage of the student body identifying 
as a minority ethnicity from 4.05% to 98.94% and in percentage of students receiving 
free/reduced price meals from 0% to 94%. 
Table 1 
Included Schools by Grade Span
Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid 9-12 368 65.8 65.8 65.8 
pK/K-12 69 12.3 12.3 78.2 
5/6/7/8-12 88 15.7 15.7 93.9 
10-12 21 3.8 3.8 97.7 
11-12 4 .7 .7 98.4 
Special Education 2 .4 .4 98.7 
Alternative 5 .9 .9 99.6 
Virtual 2 .4 .4 100.0 
Total 559 100.0 100.0 
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Table 2  
Descriptive Statistics for Several Demographic Variables Included in the Final 
Generalized Linear Mixed Model 
Variable N Minimum Maximum Mean St. Dev. Variance 
School Total Enrollment 559 8 3364 610.50 641.51 411538.72 
School Percent Minority 
Students 
559 
 
3.32 
 
100.00 
 
37.23 
 
24.38 
 
594.41 
 
School Percent Free/Reduced 
Price Meals 
556 
 
0 
 
94 
 
44.70 
 
20.83 
 
433.98 
 
School Number of Students 
in Adjusted 2015 Grad 
Cohort 
500 
 
0 
 
835 
 
154.46 
 
147.77 
 
21836.00 
 
District Total Enrollment 550 33 52865 10279.76 11655.73 135855969.70 
District Percent Minority 
Students 
 
550 4.05 98.94 39.07 22.12 489.38 
District Percent Free/Reduced 
Meals 
549 0 94 48.19 18.07 326.44 
 
Measures 
Public school students in Washington State are required to participate in academic 
proficiency exams beginning in third grade, including special education students who 
either take the same examinations with accommodations or take a modified version of the 
exams (OSPI, 2017d). Students annually take Smarter Balanced Assessments (SBA) or 
Washington Access to Instruction and Measurement exams (WA-AIM), the modified 
exam for students with significant cognitive challenges, in English Language Arts (SBA-
ELA) and Mathematics (SBA-Math) in 3rd – 8th grades and again in 11th grade. Students 
also take the Measurement of Student Progress (MSP) or the WA-AIM in Science in 5th 
and 8th grades and End of Course (EOC) exit exams in 10th grade for Biology or WA-
AIM Science in 11th grade. Students can choose to take the EOC Algebra 1/Integrated 
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Math 1 or the EOC Geometry/Integrated Math 2 in place of the SBA-Math exam; 
however, EOC Math 1 and EOC Math 2 exams are not offered every year (OSPI, 2017d). 
 Smarter Balanced exams were developed by the Smarter Balanced Assessment 
Consortium (SBAC) and were adopted in Washington state in 2015 with an aim to 
decrease testing costs, increase access for students with special needs or limited English 
proficiency, provide more individualized results, more quickly as the SBA exams are 
computer-based and adaptive, and align better with WA Common Core education 
standards (OSPI, 2017a; SBAC, 2015). Documentation detailing the development, 
piloting, reliability, and validity of these exams is available from the Smarter Balanced 
Assessment Consortium (American Institutes for Research, 2015; SBAC, 2017a, 2017b, 
2017c, 2017d). 
Threshold scores for Levels 1, 2, 3, and 4, within the scale score range, were 
initially developed by the SBAC, with input from educators and community members 
(see Figure 5). The Smarter Balanced member states including Washington approved 
these scores and they were subsequently adopted by the Washington Board of Education 
in January 2015 (School Board of Education, 2015). Table 3 shows the scale score ranges 
for all achievement levels on the Smarter Balanced assessments. A sample SBA score 
report is presented in Appendix D. 
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Figure 5. Threshold Levels for SBA ELA and Math. Blue arrows indicated minimum 
score for WA state diploma attainment. Adapted from “State Board of Education 
establishes graduation scores on Smarter Balanced Assessments” by School Board of 
Education, (2015, August 6). SBE Sounding Board. Copyright 2015 by the School Board 
of Education. 
End of Course exams began to count toward graduation requirements and federal 
accountability in 2009, replacing the Washington Assessment of Student Learning 
(WASL). Educational Testing Services analyzes the results of the exams annually and 
provides Washington OSPI with a technical report, detailing the development and 
piloting of new test items and providing estimates of reliability, validity, and degree of 
alignment with current Washington state education standards (Educational Testing 
Service, 2015). Current scale scores for Washington EOC exams are seen in Table 3 and 
they include the lowest and highest possible score on each test (OSPI, 2017b). A sample 
EOC Score Report is presented in Appendix D. 
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Table 3  
Scale Scores for WA EOC Exams 
 
No Pass  Pass 
 Level 1 Level 2  Level 3 Level 4 
EOC Exit Exams Below 
Basic 
Basic  Proficient Advanced 
Algebra/Integrated 1   200-374  375-
399 
  400-439  440-675 
Geometry/Integrated 
2 
 200-374  375-
399 
  400-426  427-600 
Biology  275-374  375-
399 
  400-422 423-525 
 
Procedures 
 
Ex post facto data from the 2014-15 school year was obtained from the 
Washington State Office of the Superintendent of Public Instruction (OSPI) for all public 
schools in Washington. Washington OSPI offers several datasets in Microsoft Excel 
spreadsheets for download from their website at 
http://reportcard.ospi.k12.wa.us/DataDownload.aspx. For this study, four datasets were 
downloaded and synthesized into a single Excel spreadsheet for all public schools in 
Washington. These datasets included demographic information at the school and district 
levels, End of Course exam results (number of passes) at the school level, and Smarter 
Balanced exam results (number of passes) at the school level, all for the 2014-15 school 
year. The final dataset included: 
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• Washington county number: Location 
• School district number: Sub-location 
• School building identification number: School ID 
• School type: Public, Alternative, Vocational, Homeschool Partnership, 
Special Education, Institution, Juvenile Detention Center, Virtual, etc. 
• School grade span: pK-12, K-12, 6-12, 8-12, 9-12, 10-12, etc. 
• School building total student enrollment: Size 
• School-level student ethnicity number and percentage: White, American 
Indian or Alaskan Native, Asian, Pacific Islander, Asian Pacific Islander, 
Black, Hispanic, Two or More races 
• School-level student gender number and percentage: Male and Female 
• School-level number and percentage of migrant students 
• School-level number and percentage of bilingual/transitional students 
• School-level number and percentage of special education students 
• School-level number and percentage of students in foster care 
• School-level number and percentage of section 504 Students 
• School-level number and percentage of students receiving free or reduced 
lunch: SES 
• School-level number of students per classroom teacher 
• School-level average years of teacher teaching experience 
• School-level number and percent of teachers with at least a master’s degree 
• School-level total number of students tested on SBA- English Language Arts 
(ELA) 
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• School-level total number of students tested on SBA- Math 
• School-level total number of students tested on EOC- Biology 
• School-level total number of students passed on SBA- ELA 
• School-level total number of students passed on SBA- Math 
• School-level total number of students passed on EOC- Biology 
• School-level adjusted 4-year graduation cohort number of students (started in 
school in 9th grade) 
• School-level number of graduates in 2015 
• District-level total student enrollment (Size) 
• District-level student ethnicity number and percentage: White, American 
Indian or Alaskan Native, Asian, Pacific Islander, Asian Pacific Islander, 
Black, Hispanic, Two or More races 
• District-level student gender number and percentage 
• District-level number and percentage of migrant students 
• District-level number and percentage of bilingual/transitional students 
• District-level number and percentage of special education students 
• District-level number and percentage of students in foster care 
• District-level number and percentage of section 504 students  
• District-level number and percentage of students receiving free or reduced 
lunch: SES 
• District-level number of students per classroom teacher 
• District-level average years of teacher teaching experience 
• District-level number and percent of teachers with at least a master’s degree 
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The original datasets downloaded from Washington OSPI contained data for all schools 
in Washington, including preschools, elementary, middle, junior high, and senior high 
schools. All data for schools not offering 10-12 grades was deleted as they are not 
included in the research question. Additional schools were excluded from the final 
dataset if all data points were missing for EOC-Biology, SBA-ELA, SBA-Math, and 
number of 2015 graduates, all the outcomes examined in this study. Schools missing such 
data points were often classified by OSPI as juvenile detention centers, homeschool 
partnerships, group homes, or private school services. The final dataset includes data for 
559 schools in Washington for the 2014-15 school year. 
 Additional data points were added for all schools in the final data set, including: 
• School-level and district-level percentage of minority students was calculated 
by adding the ethnicity percentages of all minority (as defined in the 
literature) populations 
• School type code was translated from alpha variables into number variables: 
o P (Public) = 1, A (Alternative High School) = 2, R (Reengagement) = 
3, S (Special Education) = 4, 5 (Home School) = 5, I (Institution) = 6, 
J (Juvenile Detention Center) = 7, Z (Online School) = 8, Q (Tribal 
Agency) = 9, V (Vocational) = 10, C (Community College) = 11, X 
(Early Entrance to College) = 12, T (Tribal) = 13 
• School type code was then additionally coded as traditional (comprised of 
categories 1 and 2) = 1 and non-traditional (comprised of categories 3-13) = 0 
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• Grade span (originally alpha-numeric) was coded (numeric): 9-12 = 1, PK/K-
12 = 2, 5/6/7/8-12 = 3, 10-12 = 4, 11-12 = 6, Special Education = 7, 
Alternative = 8, Virtual = 9 
• College-level program and combinations of college-level programs offered 
was added and coded for each school (as reported on each school’s WA 
School Report Card from OSPI): 
o 0 = none, 1 = IB, 2 = AP, 3 = AP/IB, 4 = DC, 5 = AP/DC, 6 = IB/DC, 
7 = AP/IB/DC, 8 = Cambridge, 9 = Cambridge/AP, 10 = 
Cambridge/AP/DC, 11 = Cambridge/DC, 12 = Cambridge/AP/IB/DC 
o College-level program presence was then additionally coded as = 1 
and absence = 0 
Lastly, all data points from each Microsoft Excel spreadsheet were combined into a 
single spreadsheet and aligned after each original spreadsheet was rearranged 
alphabetically by school name (using the Format as Table function).  
Data Analysis 
 
Descriptive and inferential statistics to address the research question were 
computed using SPSS Version 24.0. Variable distributions were examined to determine if 
the assumptions of normality underlying parametric statistical procedures were met. 
Inferential statistics were computed using exploratory binomial, logit-link Generalized 
Linear Mixed Models (GLMM). Exploratory binomial, logit-link GLMM analysis was 
chosen to accommodate the proportional dependent variable: number of students passing 
state standardized exams out of the number of students attempting the exams and number 
of students graduating on-time in 2015 out of the number of students in the adjusted four-
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year cohort. Furthermore, GLMM accounts for data that is organized at more than one 
level, or nested, and allows for consideration of the impact of a treatment at multiple 
levels (student, school, district, county, state, etc.). Exploratory GLMMs were built for 
each dependent variable to ascertain the amount of variation in academic achievement 
accounted for by each predictor variable (PV) included in the model, with attention to the 
PV in question, presence or absence of one or more college-level programs.  
 Initial analyses revealed that all but one predictor variables’ distributions were 
highly skewed and/or kurtotic and that multicollinearity would not be an issue for 
continuous predictor variables. Two exploratory GLMMs were constructed for each 
dependent variable (EOC-Biology, SBA-ELA, SBA-Math, and 2015 Grad) using SPSS 
Version 24.0, one including all categorical independent variables and one excluding the 
highly correlated categorical variables, school type and grade span. Excluding the 
correlated categorical variables did not improve the model accuracy for any of the final 
GLMMs; therefore, results including these variables are reported. Two additional 
exploratory GLMMs were assembled for each dependent variable, one including 
intercepts only to examine interclass correlations and one excluding county-level nesting 
to determine if a better-fitted model could be obtained. County-level nesting modestly 
improves the models and is therefore retained in all four of the full models.  
Results of all statistical analyses are presented in Chapter Four, followed by a 
discussion of the significance of these results, limitations of this study, and suggestions 
for further research, which are presented in Chapter Five. 
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Chapter 4 
Results 
Introduction and Research Problem 
 
The results of this study are presented below. Descriptive statistics are provided 
for all variables in the study, including range, mean, standard deviation of the mean, 
variance, and skewness and kurtosis, measures of the normality of the distribution of the 
variables. Assumptions underlying the selected inferential statistics are reviewed and the 
data utilized in this study is examined considering these assumptions. Finally, inferential 
statistics are presented, and the results of these analyses are discussed.  
This study was designed to examine the relationship between academic outcomes 
and the implementation of college-level curriculum(s) in public secondary schools in 
Washington state. Specifically, this study addresses the question:  
Does the implementation of a college-level curriculum, Dual-Credit, Advanced 
Placement, International Baccalaureate, or Cambridge International 
Examinations, or a combination of these programs, statistically significantly 
influence school-wide academic achievement when other known influences on 
between school variances are accounted for? 
Descriptive Statistics 
 
Frequency distributions, means, standard deviations, skewness, kurtosis, and 
collinearity were examined for each independent and dependent variable using the 
Frequencies, Descriptive Statistics, Linear Regression, and P-P Plots functions in SPSS 
Version 24.0. Full descriptive analyses, histograms, and P-P Plots are presented in 
Appendix E.   
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Schools.  Descriptive statistics for Washington public secondary schools included 
in the study are presented in Table 4. Screening for outliers in the maximum value 
column revealed that one school reported 607% males. Examination of the individual 
Washington School Report card for this school confirmed a missing decimal and the data 
point was corrected to 60.7% males. Additional screening showed that eight schools 
presented with 100+ percent minority students, an impossibility. Further examination of 
the original dataset from OSPI showed that percent minority students was over-calculated 
by inclusion of a duplicate column of data entitled percent Asian Pacific Islander, which 
was a direct combination of two other minority groups, percent Asian and percent Pacific 
Islander. Removal of the repeated data columns of percent Asian Pacific Islander from 
the calculations for percent minority students corrected the calculations. 
Only one school-level IV, school percent of students receiving free/reduced price 
meals (skewness = 0.09 and kurtosis = -0.60) is normally distributed. The remaining 
continuous predictor variables are not normally distributed and are mildly (0.74) to 
highly (7.67) skewed and/or mildly (2.03) to highly (75.98) kurtotic. Parametric 
inferential statistics cannot be utilized to assess this data to address the research question. 
Instead, exploratory generalized linear mixed models, which can accommodate many 
independent (predictor) variables, are more robust to violations of the assumptions of 
normality, and can accommodate counted dependent (criterion) variables, will be utilized. 
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Table 4  
Descriptive Statistics for Washington Schools 
 
      Skewness Kurtosis 
N Min Max Mean 
Std. 
Deviation Variance Stat 
Std. 
Error Stat 
Std. 
Error 
School Total 
Enrollment 
559 8 3364 610.50 641.51 411538.72 1.10 .103 .142 .21 
School 
Percent Male 
Students 
559 .00 100.00 51.47 7.49 56.04 .74 .103 13.85 .21 
School 
Percent 
Minority 
Students 
559 3.32 100.00 37.23 24.38 594.41 1.04 .103 .182 .21 
School 
Percent 
Migrant 
Students 
559 .00 44.00 1.99 5.40 29.20 3.98 .103 19.24 .21 
School 
Percent 
Bilingual/ 
Transitional 
Students 
559 .00 99.28 3.83 7.54 56.92 5.81 .103 54.66 .21 
School 
Percent 
Special 
Education 
Students 
559 .00 100.00 12.00 9.82 96.36 4.92 .10 37.65 .21 
School 
Percent 
Free/Reduce
d Price 
Meals 
556 0 94 44.70 20.83 433.98 .09 .10 -.60 .21 
School 
Percent 
Section 504 
Students 
559 .00 26.92 3.64 3.51 12.33 2.40 .10 10.44 .21 
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School 
Percent 
Students in 
Foster Care 
559 .000 9.71 .18 .86 .740 7.67 .10 66.56 .21 
School 
Average 
Number of 
Students Per 
Classroom 
Teacher 
559 0 197 16.86 12.92 167.02 6.47 .10 75.98 .21 
School 
Teacher 
Average 
Years of 
Educational 
Experience 
558 .0 35.0 13.74 5.39 29.03 -.46 .10 2.03 .21 
School 
Percent of 
Teachers 
Holding at 
Min. MA 
Degree 
556 .00 100.00 65.12 22.33 498.42 -1.48 .10 2.54 .21 
School EOC 
Biology 
Total 
Number 
Students 
Tested 
335 2 602 139.19 137.41 18881.36 1.02 .13 .14 .27 
School EOC 
Biology 
Total 
Number 
Students 
Meeting 
Standard 
335 1 493 99.28 109.36 11959.18 1.28 .13 1.01 .27 
School SBA 
ELA Total 
Number 
Students 
Tested 
376 2 526 90.40 94.30 8892.46 1.53 .13 2.08 .25 
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School SBA 
ELA Total 
Number 
Students 
Meeting 
Standard 
376 1 284 46.71 51.79 2682.03 1.72 .13 2.98 .25 
School SBA 
Math Total 
Number 
Students 
Tested 
273 2 479 103.18 92.65 8583.25 1.33 .15 1.47 .29 
School SBA 
Math Total 
Number 
Students 
Meeting 
Standard 
273 1 168 31.97 31.05 964.07 1.42 .15 2.08 .29 
School 
Number of 
Students in 
Adjusted 
2015 Cohort 
500 0 835 154.46 147.77 21836.00 1.07 .11 .35 .22 
School 
Number of 
2015 
Graduates 
500 0 550 126.97 136.24 18561.93 1.02 .11 -.22 .22 
 
Districts.  Descriptive statistics for Washington public secondary schools 
included in the study are presented in Table 5. Screening for outliers in the maximum 
value column revealed that district percent minority students contained the same 
calculation error as the school-level data and the same correction was made. 
Again, only one district-level PV, district percent free/reduced price meals 
(skewness = -0.07 and kurtosis = -0.15), is normally distributed. The remaining 
predictor variables are not normally distributed and are mildly (0.81- 1.64) skewed 
and/or mildly (3.02) kurtotic. 
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Table 5 
Descriptive Statistics for Washington School Districts 
       Skewness Kurtosis 
 N Min Max Mean 
Std. 
Deviation Variance Stat 
Std. 
Error Stat 
Std. 
Error 
District Total 
Enrollment 
550 33 52865 10279.7
6 
11655.73 135855969.70 1.64 .10 3.02 .21 
District 
Percent 
Minority 
Students 
550 4.05 98.94 39.07 22.12 489.38 .81 .10 -.05 .21 
District 
Percent 
Free/Reduced 
Meals 
549 0 94 48.19 18.07 326.44 -.07 .10 -.15 .21 
 
Generalized Linear Mixed Model for Hierarchical Data.  Hierarchical linear 
modelling (HLM) is a form of multi-level modelling (MLM) that allows researchers to 
examine data that is organized at more than one level, for example considering the impact 
of an educational treatment at the individual level, the classroom level, the school 
building level, and so forth (Finch, Bolin, & Kelley, 2014; Raudenbush & Bryk, 2002; 
Tabachnik & Fidell, 2013). Specifically, HLM allows the researcher to examine not only 
how variables relate within a given level, but how variables at one level might influence 
relations occurring at another level (Raudenbush & Bryk, 2002). This leads to improved 
estimation of individual effects, allows modeling of cross-level effects, and portioning of 
variance-covariance components (Raudenbush & Bryk, 2002).  
There are several benefits to utilizing hierarchical linear models. HLM has been 
demonstrated to reduce type I error when many independent variables (IVs) are examined 
simultaneously (Goldstein, 2011; Grimm and Yarnold, 1995; Tabachnik & Fidell, 2013). 
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Additionally, HLM allows for a vastly expanded array of outcome types, such as binary 
(Horney, Osgood, & Marshall, 1995), log-odds (Rumberger, 1995), counted data 
(Sampson, Raudenbush, & Earls, 1997), ordered categories (Hedeker & Gibbons, 1997), 
and multinomial outcomes (Raudenbush & Bryk, 2002). HLM is a useful alternative to 
ANCOVA that doesn’t require meeting the assumption of homogeneity of regression nor 
independence of errors (Tabachnik & Fidell, 2013). Moreover, HLM is robust to unequal 
sample sizes and missing data (Tabachnik & Fidell, 2013). Lastly, analysis of nested data 
by HLM reduces both ecological fallacy, the application of group level results to the 
individual level, and atomistic fallacy, the interpretation of individual-level results at the 
group level, thus reducing interpretational and statistical errors (Hox, 2010; Tabachnik & 
Fidell, 2013). 
In other research fields, multi-level models are also referred to as multilevel linear 
models (sociology), mixed-effects models (biology), random-effects models (biology), 
random-coefficient regression models (economics), and covariance components models 
(statistics) (Raudenbush & Bryk, 2002). In social science research, MLMs are further 
categorized as linear models (LMs), generalized linear models (GLMs), linear mixed 
models (LMMs), or generalized linear mixed models (GLMMs), depending on research 
design (McCulloch, Searle, & Neuhaus, 2008; Tabachnik & Fidell, 2013). GLMs and 
GLMMs are an expansion of LMs and LMMS to incorporate data that violates the normal 
distribution and to accommodate dependent variables that are non-normal outcomes, such 
as binary and counts as cited previously (McCulloch et al., 2008; Tabachnik & Fidell, 
2013). 
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For this study, a four-level (student, school building, school district, and county) 
exploratory generalized linear mixed model (GMLM) under SPSS Mixed Models: 
Generalized Linear assessed whether additional variance in academic achievement can be 
explained by the presence of a college-level curriculum, or some combination of these 
programs, in the sampled secondary schools once the variance portioned to the included 
predictor variables as listed above is accounted for (Albright & Marinova, 2010; Bickel, 
2007; Cohen, Cohen, West, & Aiken, 2003; Field, 2009; Finch et al., 2014; Garson, 
2013; Gelman & Hill, 2007; Heck & Thomas, 2000; Heck, Thomas, & Tabata, 2014; 
Hox, 2010; Hox & Roberts, 2011; Keith, 2015; Klein & Kozlowski, 2000; Kreft & De 
Leeuw, 2004; Little, Schnabel, & Baumert, 2000; Luke, 2004; Ma & Klinger, 2000; 
McCulloch et al., 2008; Micceri, 2007; Raudenbush & Bryk, 2002; Raudenbush, Byrk, 
Cheong, & Congdon, 2004; Reise & Duan, 2003; Snijders & Bosker, 2012; Stroup, 2013; 
Sun & Bradley, 2012; Tabachnik & Fidell, 2013). First-level units, students, were present 
only for the dependent variables, second-level units were the N = 559 schools organized 
in 310 districts, comprising third-level units, located in 31 counties, comprising fourth-
level units.  
Inclusion of predictor variables to the exploratory GLMMs at each level was 
informed by the research review for each variable and its potential impact on academic 
achievement. For example, much research already exists on the relationship between 
school and district socioeconomic status and academic achievement (Abbott, Joireman, & 
Stroh, 2002; Caldas & Bankston, 1997; Howley & Howley, 2004; Sammons, West, & 
Hinn, 1997; Sirin, 2005; Strand, 1997; Thomas & Stockton, 2003; White, 1982), the 
gender gap and academic achievement (Butler & Sperry, 1991; Jacobs, 2006; Linver, 
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Davis-Kean, & Eccles, 2002; Manning, 1998; Wetzstein, 2011; Zembar & Blume, 2012), 
school size and academic achievement (Abbott, Joireman, & Stroh, 2002; Howley, 2015; 
Huang & Howley, 1993; McMillen, 2004), and teacher educational experience and 
academic achievement (Close, 2009; Clotfelter, Ladd, & Vigdor, 2007, 2010; Darling-
Hammond, 2000; Dial, 2008; Harris & Sass, 2007; Rice, 2010; Zhang, 2008).  
Assumptions Underlying Inferential Statistics 
 
Collinearity analysis.  One drawback to any HLM is the high potential for 
predictor variables to be correlated (Tabachnik & Fidell, 2013). A solution to this issue is 
to minimize the number of PVs to include only those supported in the current literature 
and to test if collinearity is an issue prior to assembling the GLMM. High levels of 
multicollinearity are considered to exist between continuous predictor variables with 
Tolerance values less than 0.1 (Myers, 1990) and are cause for concern with Tolerance 
values under 0.2 (Menard, 1995). Corresponding Variance Inflation Factors [VIF] greater 
than 3.0, 5.0, or 10.0 indicate potential collinearity (Grande, 2015a; Tabachnik & Fidell, 
2013). Tolerance and VIF values for continuous PVs included in all four exploratory 
GLMM models (EOC-Biology, SBA-ELA, SBA-Math, and 2015 Grads) are presented in 
Table 6. While no tolerance values give cause for concern as they are all greater than 0.2, 
School Percent Minority Students in the ELA-Math model may present a collinearity 
issue in that model with a VIF = 3.158. Moreover, Bowerman and O’Connell (1990) 
suggested that multicollinearity may be biasing the regression model if the average VIF 
substantially greater than 1.0. Though all VIF values are greater than 1.0, ranging from 
1.056 to 3.158, multicollinearity is likely not an issue in any of the GLMM models as the 
average VIF is not substantially greater than 1.0 (Field, 2009).   
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An additional cause for concern is what Belsley, Kuh, & Welsch (1980) labeled 
“near collinearity,” indicated by collinearity condition indices (CI) greater than 30 and 
high variance-decomposition proportions (VDP) greater than 0.50 for two or more 
estimated regression coefficient variances for the same dimension. Examination of the 
collinearity diagnostics, fully presented in Appendix F, for all four exploratory GLMM 
models showed only one area of concern in the 2015 Grads model, where two PVs load a 
large portion of their variance (0.590 for School Teacher Average Years Educational 
Experience and 0.90 for School Teachers with at Min. MA Degree) onto dimension 12. 
However, the CIE for dimension 12 was well under 30 at 15.540.      
Lastly, a bivariate correlation matrix can also be used to assess collinearity, where 
popular cutoff scores for Pearson Correlation (parametric) or Kendall’s Tau-B or 
Spearman’s Rho (non-parametric) would be 0.7, 0.8, or 0.9 (Grande, 2105a). Results of 
the non-parametric bivariate correlations are presented in full in Appendix F and show 
that no Kendall’s Tau-B nor Spearman’s Rho correlation coefficient is greater than 0.7. 
 Taken all together, multicollinearity did not appear to be an issue for any of the 
continuous PVs included in the exploratory GLMM models.  
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Table 6 
Collinearity Tests for Continuous Independent Variables
Model EOC-Biology SBA-ELA SBA-Math 2015 Grads 
 Tolerance VIF Tolerance VIF Tolerance VIF Tolerance VIF 
School Total 
Enrollment 
.667 1.498 .722 1.385 .700 1.428 .793 1.261 
School Percent 
Minority Students 
.354 2.828 .384 2.603 .317 3.158 .449 2.228 
School Percent Male 
Students 
.803 1.246 .805 1.242 .947 1.056 .855 1.170 
School Percent 
Migrant Students 
.661 1.513 .580 1.723 .621 1.610 .592 1.689 
School Percent 
Bilingual/Transitional 
Students 
.370 2.701 .364 2.750 .336 2.973 .482 2.075 
School Percent 
Special Education 
Students 
.737 1.356 .682 1.465 .729 1.371 .794 1.259 
School Percent 
Free/Reduced Price 
Meals 
.379 2.635 .413 2.424 .388 2.579 .474 2.112 
School Percent 
Section 504 Students 
.853 1.173 .876 1.142 .803 1.246 .882 1.134 
School Percent 
Students in Foster 
Care 
.799 1.251 .685 1.460 .826 1.211 .796 1.257 
School Average 
Number of Students 
Per Classroom 
Teacher 
.786 1.273 .772 1.296 .824 1.213 .796 1.256 
School Teacher 
Average Years of 
Educational 
Experience 
.642 1.557 .633 1.580 .655 1.526 .572 1.748 
School Percent of 
Teachers Holding at 
Min. MA Degree 
.683 1.464 .614 1.630 .762 1.312 .511 1.958 
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Independence for the categorical predictor variables was assessed using Crosstabs 
in SPSS Version 24.0. Results presented in Table 7 show a significant association 
between the categorical variables included in this study. Subsequent examination of the 
bar charts presented in Figure 6 shows that college-level curriculums are significantly 
more likely to be offered at traditional and alternative public high schools in Washington, 
where the grade span is most likely 9th-12th grades. However, even though these 
categorical variables are significantly related, it is important to retain them in the 
exploratory GLMM models to account for variation in academic achievement that could 
be due to differences in the makeup of different school buildings. It is important to partial 
out any effects due to school type or grade span so that any differences seen between 
schools offering college-level curriculums and those that do not are not actually due to 
differences in school type or grade span. 
Table 7 
Chi-Square Values for Evaluation of Independence of Categorical Variables 
Interaction χ2 df Sig. 
School Typed Coded * 
College Program Presence 
118.78 8 .000 
Grade Span Coded * 
College Program Presence 
67.98 7 .000 
School Typed Coded * 
Grade Span Coded 
339.59 
 
56 .000 
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Figure 6. Bar charts illustrating the interdependence of the presence of 1 or more college-
level programs with school type and grade span. 
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Outliers.  Mahalanobis distances (MD) were calculated using SPSS to assess 
potential outliers (Field, 2009; Stevens, 1984; Tabachnik & Fidell, 2013). The critical 
value for MDs was calculated in SPSS to be 36.12 (df = 14, p = 0.001) (Grande, 2015c). 
For the EOC-Biology model, 30 schools are outliers (MD > 35.65), for the SBA-ELA 
model, 50 schools are outliers (MD >35.99), for the SBA- Math model, 86 schools are 
outliers (MD > 35.96), and for the 2015 Grads model, 31 schools are outliers (MD > 
36.11). However, outliers are not necessarily influential points and further testing should 
be conducted to determine if influential cases exist (Stevens, 1984).  
Influential cases.  The potential for influential cases in each model was examined 
by calculating Cook’s distances (CD), which is a measure of the overall influence of a 
case on the model, for each school in SPSS (Field, 2009; Grande 2015b). Cook and 
Weisberg (1982) suggested that values greater than 1.00 are cause for concern. Maximum 
CDs were 0.778 for the EOB- Biology model, 0.026 for the SBA- ELA model, 0.420 for 
the SBA-Math model, and 0.594 for the 2015 Grads model. All CDs are less than 1.00, so 
undue influence is not a concern for any outliers in any of the models. 
Generalized Linear Mixed Models Analysis 
 
 Separate exploratory generalized linear mixed models were generated for each 
dependent (criterion) variable, proportion of students passing the EOC- Biology exam, 
proportion of students passing the SBA- ELA exam, proportion of students passing the 
SBA- Math exam and proportion of the adjusted four-year cohort graduating on time in 
2015, to address the research question, does the presence of one or more college-level 
curriculums influence the number of students passing state standardized exams and 
graduating on-time. Proportions are calculated by SPSS as the number of students 
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passing the exam divided by the number of students attempting the exam and number of 
2015 graduates divided by the number of students in the adjusted four-year cohort. Using 
the proportion is desirable as only a fraction of the school’s total enrollment is involved 
in the exams or part of the graduating class. Each model used fixed effects (all predictors 
listed above) and three sets of random effects that crossed these fixed effects with 
counties, school districts and counties, and building number, school district, and counties. 
Interclass correlations.  Interclass correlation is evaluated by running a four-
level GLMM with only random intercepts (exclude all PVs). The intercepts-only model 
has six parameters, one each for the fixed intercept (grand mean), variability in student 
intercepts, variability in school intercepts, variability in district intercepts, variability in 
county intercepts, and residual variance. Interclass correlations were calculated for each 
level of the model to determine the value of adding random variances for each level to the 
overall model (Tabachnik & Fidell, 2013). Table 8 presents the raw data used for these 
calculations and Table 9 presents the calculated interclass correlations.  
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Table 8 
Random Effects Covariance Parameters for Intercepts-Only Model 
 
     95% Confidence Interval 
Model Intercept 
Parameter 
Estimate 
Std. 
Error Z 
p (1-
sided) Lower Upper 
EOC- 
Biology 
Residual 1.000      
Between 
Counties 
0.164 0.079 2.066 0.002 0.063 0.422 
Between 
Districts 
0.201 0.062 3.223 0.001 0.109 0.369 
Between 
Schools 
0.561 0.068 8.235 0.000 0.442 0.711 
SBA- 
ELA 
Residual 1.000      
Between 
Counties 
0.029 0.024 1.216 0.112 0.006 0.145 
Between 
Districts 
0.079 0.040 1.988 0.024 0.030 0.213 
Between 
Schools 
0.455 0.053 8.572 0.000 0.362 0.572 
SBA- 
Math 
Residual 1.000      
Between 
Counties 
0.074 0.038 1.939 0.027 0.027 0.203 
Between 
Districts 
0.102 0.051 1.996 0.023 0.038 0.272 
Between 
Schools 
0.456 0.063 7.183 0.000 0.347 0.599 
2015 
Grads 
Residual 1.000      
Between 
Counties 
0.005 0.035 0.131 0.448 0.000 14157.163 
Between 
Districts 
0.000*      
Between 
Schools 
2.723 0.196 13.895 0.000 2.364 3.135 
*Redundant 
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While most variance is due to between school differences (27.94% to 73.04%), 
sufficient variances exist between districts (5.05% to 10.44%) for all the models except 
2015 Grads (0%) and between counties (1.86% to 8.52%), again except for the 2015 
Grads Model (0.13%) to include them in the models. While there appears to be little to no 
value in adding level-3 and level-4 to the 2015 Grads model, these levels will be included 
as the data is still nested by nature (Lee, 2000). 
Table 9 
Interclass Correlation Calculations for Intercept-Only Models 
Model Level-2 
School 
Level-3 
District 
Level-4 
County 
EOC-Biology 29.13% 10.44% 8.52% 
SBA- ELA 29.11% 5.05% 1.86% 
SBA- Math 27.94% 6.25% 4.53% 
2015 Grads 73.04% 0% 0.13% 
 
 Comparison between the intercept-only models and the full models is presented in 
Table 10 and shows that the prediction of passes for all three exams and graduation are 
predicted at better-than-chance levels as a result of the addition of predictor variables at 
the school and district levels for all four exploratory GLMM models. 
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Table 10 
Model Comparison by Chi-Square 
Model 
-2 Log pseduo 
Likelihood 
Intercept-Only 
Models 
-2 Log pseduo 
Likelihood 
Full Models 
χ2 
Difference 
Test 
df 
Difference p 
EOC-Biology 941.364 787.969 153.395 12 < 0.001 
SBA- ELA 944.983 859.121 85.852 12 < 0.001 
SBA- Math 693.026 634.759 58.267 12 < 0.001 
2015 Grads 1969.206 1383.186 586.020 12 < 0.001 
 
Table 11 presents the overall model accuracy for each of the four exploratory 
models generated. Though not demonstrating statistically significant variance between 
counties for the 2015 Grads exploratory models, county level nesting was retained as it 
does marginally increase the model accuracy for all four exploratory models. Accuracy 
for the full three-level models range from 64.1% for the SBA- ELA model to 87.4% for 
the 2015 Grads model. In other words, the SBA- ELA model would only be able to 
accurately predict whether a new student would pass the SBA- ELA exam 64.1% of the 
time based on school-level and district-level demographic data for that student; the EOC- 
Biology model would accurately predict a student’s probability of passing the EOC- 
Biology exam 73.8% of the time, the SBA- Math model would accurately predict a 
student’s probability of passing the SBA- Math exam 72.0% of the time, and the 2015 
Grads model would accurately predict a student’s probability of on-time graduation 
87.4% of the time based on a student’s school-level and district-level demographic data. 
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Table 11 
GLMM Model Accuracy 
Model Accuracy 
 Intercept-Only 4-Level 
Model 
Full 2-Level 
Model 
Full 4-Level 
Model 
EOC-
Biology 
73.8% 
73.2% 
73.8% 
SBA- ELA 64.2% 62.9% 64.1% 
SBA- Math 72.1% 71.8% 72.0% 
2015 Grads 87.4% 86.7% 87.4% 
 Table 12 presents the evaluation of the dispersion of the GLMMs. Dispersion 
parameter values greater than 1.0 indicate overdispersion, which indicates poor model fit, 
where the difference between observed and predicted values from the model are greater 
than expected in the error structure. Three of the four GLMMs have dispersion parameter 
values less than 1.0, indicating underdispersion in those models. The 2015 Grads model 
shows mild overdispersion as the dispersion parameter is slightly over the 1.0 cutoff. 
Repeating the GLMMs using restricted estimations of maximum likelihood did not 
change any of the final four models. 
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Table 12 
Dispersion Evaluation of the GLMMs
 Model Deviance df1 df2 Dispersion Parameter 
EOC-Biology 153.395 24 304 0.548 
SBA- ELA 85.852 25 341 0.212 
SBA- Math 58.267 23 247 0.260 
2015 Grads 586.020 25 456 1.353 
Table 13 shows that there are statistically significant differences between schools 
in all four of the full exploratory GLMM models, between districts for all but the 2015 
Grad model, and between counties for the 2015 Grads model. 
Table 14 presents the prediction accuracy rates for each model, including the rate 
of false positives (predicted event with observed non-event) and false negatives 
(predicted non-event with observed event). The EOC- Biology model correctly predicts 
passes 94.9 % of the time and a relatively low rate of false negative at 5.1% of the time, 
but also has a high percentage of false positives at 79.2% and a low rate of correctly 
predicting non-passes 20.8% of the time. The SBA- ELA model correctly predicts non-
passes 93.7% of the time but has high rate of false negatives at 76.3% of the time, a low 
rate of predicting passes accurately at 23.7 %, and a false positive rate of 6.3%.   
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Table 13 
Random Effects Covariance Parameters for Full Four-Level Model 
 
     95% Confidence Interval 
Model 
Intercept Parameter 
Estimate 
Std. 
Error Z 
p (1-
sided) Lower Upper 
EOC- 
Biology 
Residual 1.000      
Between 
Counties 
0.031 0.031 0.982 0.163 0.004 0.224 
Between 
Districts 
0.137 0.038 3.571 0.000 0.079 0.237 
Between 
Schools 
0.189 0.031 6.155 0.000 0.138 0.260 
SBA- 
ELA 
Residual 1.000      
Between 
Counties 
0.006 0.014 0.454 0.375 0.000 0.480 
Between 
Districts 
0.080 0.030 2.644 0.004 0.038 0.169 
Between 
Schools 
0.214 0.031 6.911 0.000 0.161 0.285 
SBA- 
Math 
Residual 1.000      
Between 
Counties 
0.024 0.018 1.366 0.086 0.006 0.103 
Between 
Districts 
0.113 0.039 2.923 0.002 0.058 0.221 
Between 
Schools 
0.142 0.032 4.476 0.000 0.091 0.219 
2015 
Grads 
Residual 1.000      
Between 
Counties 
0.072 0.040 1.799 0.036 0.024 0.215 
Between 
Districts 
0.057 0.036 1.605 0.055 0.017 0.194 
Between 
Schools 
0.492 0.051 9.567 0.000 0.401 0.604 
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The SBA- Math model correctly predicts a pass 70.0 % of the time and a non-pass 
57.9% of the time but had both a high rate of false negatives (30.0%) and false positives 
(42.1%). Lastly, the 2015 Grads model correctly predicted on-time graduation 97.3% of 
the time and had a low rate of false negatives at 2.7%, but correctly predicted non-
graduation only 39.2% of the time, with a high rate of false positives (60.8%). 
Table 14 
GLMM Model Prediction Accuracy for Exam Pass and Graduation Rates 
 Predicted 
Model Observed Non-Event Event 
EOC-Biology 
Non-Event 20.8% 79.2% 
Event 5.1% 94.9% 
SBA- ELA 
Non-Event 57.9% 42.1% 
Event 30.0% 70.0% 
SBA- Math 
Non-Event 93.7% 6.3% 
Event 76.3% 23.7% 
2015 Grads 
Non-Event 39.2% 60.8% 
Event 2.7% 97.3% 
 The results presented in Table 15 directly address the research question and show 
that the presence of one or more college-level curriculums is only significant for the 
EOC- Biology and 2015 Grads models. As such, the odds of passing the EOC- Biology 
exam are 1.87:1 for students attending schools that offer one or more college-level 
curriculums and 1.935:1 for graduating on time in comparison to students attending 
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schools that do not offer a college-level curriculum, with all demographic data being the 
same between schools. 
Table 15 
GLMM Odds Ratios and Probabilities for Passing Each Measure of Academic 
Achievement Based on Presence of College Program(s)
Model F df 1 df 2 Coefficient 
Odds Ratio 
Exp(Coefficient) Probability p 
EOC- 
Biology 
3.979 1 304 0.629 1.876 87.6% 0.047 
SBA- 
ELA 
0.479 1 247 0.147 1.158 15.8% 0.489 
SBA- 
Math 
0.037 1 341 0.055 1.057 5.7% 0.848 
2015 
Grads 
23.722 1 456 0.866 2.378 137.8% 0.000 
Probability distribution: Binomial 
Link function: Logit 
 
For example, in 2015 Made Up High School (MHS), which did not offer college-
level curriculum, had 75 graduates in the adjusted cohort of 100 students. Therefore, the 
probability of graduating from MHS was 75/100*100 = 75.0%. The odds of graduating 
from MHS were 0.75/ (1-0.75) = 3:1. If Made Up High School had offered college level 
curriculum in 2015, the probability would have been 137.8% greater for graduating on 
time, increasing the probability of graduating on-time from 75.0% to 87.7%. Likewise, if 
75 of the 100 students had passed the EOC Biology exam, then the probability of passing 
the EOC-Biology exam would have increased from 75% to 84.9% if college-level 
curriculum had been present. 
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Summary 
 
 Descriptive statistics were computed and reported for all predictor variables. Four 
exploratory four-level, binomial, logit-link GLMMs were constructed to address the 
research question. The data were analyzed for multicollinearity, outliers, and influential 
cases and no causes for concern were identified for any of the four GLMMs. Results of 
the GLMMs were assessed for statistical significance and only the EOC- Biology and 
2015 Grads models demonstrated statistically significant influence of the presence of 
college-level program(s) on academic achievement as measured by the increased odds of 
passing the EOC-Biology exam (F(1, 304) = 3.979, p < 0.005) or graduating on-time 
(F(1, 456) = 23.722, p < 0.001) as seen in Table 15. 
 Chapter Five provides a summary of the purpose, methodology, and results for 
this study, in addition to the practical significance of this research in the context of 
existing literature. A discussion of the limitations of this study and suggestions for future 
research are also included. 
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Chapter 5 
Discussion 
Introduction 
 
 The purpose of this study was to determine if the presence of a college-level 
curriculum in a Washington public secondary school had any influence on academic 
achievement as measured by standardized exit exams and on-time graduation rates. Data 
for the 2014-2105 academic year was collected from the Washington OSPI website and 
analyzed using descriptive and inferential statistics in SPSS Version 24.  
 This chapter provides a summary of the purpose of the study, methodology, and 
results. The practical significance of the research conclusions is discussed in the context 
of existing literature, and directions for future research are suggested. 
Purpose of the Study and Research Methodology 
 
In the wake of decades of attempted education reforms that have failed, the 
current reform movement is aiming to increase academic rigor in all schools to close the 
achievement gaps. Many schools are choosing to address this goal by implementing 
college-level curriculums to increase rigor school-wide. While many research studies 
have addressed the qualitative aspects of implementing college-level curriculums in 
secondary schools and the quantitative academic outcomes at the college-level, few 
empirical studies have examined the impact of these college-level programs on secondary 
academic achievement. The purpose of this research study was to examine the influence 
of implementing college-level curriculum(s), Dual Credit, Advanced Placement, 
International Baccalaureate, Cambridge International Examinations, or a combination of 
these programs, at the secondary level on student academic achievement. This 
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examination will be made by comparing individual secondary school’s academic 
achievement as measured by the proportion of a school’s student population passing its 
annually state-administered standardized test and the proportion of a school’s adjusted 
four-year cohort graduating on time. Other factors known to impact academic 
achievement were controlled for utilizing four-level, exploratory, binomial, logit-link 
generalized linear mixed models. A review of current research on predictors known to 
influence academic achievement informed the nested regression model, including school-
level and district-level SES, gender, ethnicity, school size, class size, and teacher 
characteristics such as level of education and level of experience.  
Review of Results 
 
 The research question asked if the presence of college-level curriculum(s) 
influenced academic achievement in Washington public secondary schools. Results of the 
data analysis, fully presented in Chapter Four, show that after considering variation in 
school characteristics like SES, ethnicity, size, average class size, and teacher 
characteristics like education and experience, the presence of college-level curriculum(s) 
does positively influence the odds of passing the EOC-Biology exam and the odds of 
graduating on-time, but does not significantly influence the odds of passing the SBA- 
ELA or the SBA- Math exams. 
Discussion of the Results 
 
 The mixed results of this study make it difficult to draw solid conclusions about 
the influence of college-level programs on academic achievement based on this dataset. 
While the presence of college-level curriculum(s) did modestly improve the odds of 
Washington public secondary school students passing the end-of-course exit exam in 
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Biology and the odds of graduating on-time in 2015, it did not appear to influence the 
odds of passing either of the Smarter Balanced exams in English Language Arts or 
Mathematics for the 2014-15 school year. This could be due in part to the format of the 
standardized exams used as measures of academic achievement. The SBA exams are still 
paper-and-pencil tests, whereas the EOC- Biology exam is now a computer adaptive test 
(CAT), which the SBAC states is a more accurate evaluative tool, hence it’s recent 
adoption in many U.S. states in 2015. However, the National Center for Fair and Open 
Testing reports that the college entrance exams, ACT and SAT, have chosen to retain 
paper-and-pencil exams as there were concerns raised about the consistency and fairness 
of computer adaptive tests (Fairtest, 2007). 
 Of the two measures where presence of college level curriculum (s) did improve 
the odds of passing, EOC-Biology exam and on-time graduation, the gains were modest. 
For college-level curriculums that are expensive to implement such as AP, IB, and CIE, 
the modest gains may not be worth the major costs. 
 Lastly, the accuracy of the four full GLMMs are not exceptional, meaning that the 
predictive power of the models is also modest. It is possible that improving the models’ 
accuracy could reveal larger gains in the odds of passing the EOC-Biology exit exam and 
of graduating on time. Building more accurate models may also reveal that the presence 
of college-level curriculum(s) does impact the odds of passing the SBA-ELA and SBA-
Math Exam, as the accuracy for these two models was poorer in comparison to the EOC-
Biology model and the 2015 Grads model. Therefore, use of the current models to 
determine if the presence of college-level curriculum(s) influence academic achievement 
is extremely limited. 
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Limitations of the Study 
 
Design.  The design of this study was exploratory, as the influence of the presence 
of college-level curriculum(s) on school wide academic achievement has not be 
addressed in previous studies. Studies addressing academic achievement are nested, as 
students do not exist independent of their classroom, school building, or school district. 
Additionally, academic achievement is a complex subject with many known contributing 
factors that can covary and mask one another. Generalized linear mixed models are 
currently the best analysis tool available for challenging research designs where many, 
nested covariates may skew the results and must be accounted for to accurately answer a 
research question.  
Utilizing GLMM to control for school-level and district-level covariates, this 
study found that all demographics being equal between schools, the presence of college-
level curriculum does have a positive impact on two of the four utilized measures of 
academic success. Of considerable interest regarding this result is that the research study 
examined only the presence of a college-level program on school-wide outcomes, not 
individual academic outcomes for students participating in the programs. However, it is 
highly likely that inclusion of student-level factors such as family SES and associated 
factors such as school neighborhood, student motivation, gender, parental education 
level, and ethnicity, would increase the overall accuracy of the predictive models and 
more meaningful gains might be uncovered (Caldas & Bankston, 1997; Ceballo, 
McLoyd, & Toyokawa, 2004; Duke, 2000; Fan, 2001; Griffith, 1996; Jeynes, 2003; 
Pong, 1997; Smrekar & Cohen-Vogel, 2001; Sui-Chu & Willms, 1996). 
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As well, such school-wide factors not controlled for in this study could also come 
into play, including teacher characteristics, school building climate, and school building 
leadership, all known to play a role in academic outcomes (Andrews & Soders, 1987; 
Brandt, 1987; Brookover et al., 1978; Hallinger, Bickman, & Davis, 1996; O’Donnell & 
White, 2005; Robinson, Lloyd, & Rowe, 2008; Smith, Desimone, & Ueno, 2005; Taylor, 
Pearson, Clark, & Walpole, 2000). 
Sampling.  This study utilized a statistically acceptable convenience sample 
limited to 559 of the 763 public schools in the state of Washington (Smith, 2014). 
However, Washington State is very different geographically and culturally from many 
other states in the U.S. and as such, the results of this study are not generalizable beyond 
students and schools in Washington state. 
 While the dual-credit and AP programs enjoy popularity in Washington, the IB 
and CIE programs have not taken off to the same extent. Therefore, most of the results of 
this study are largely based on the presence of dual-credit and AP curriculums in the 
schools. Neither of these programs have claimed the positive school-wide effects to the 
extent that the IB program has; in fact, dual-credit classes are often isolated and/or take 
place at a local community college campus, further limiting the generalizability of this 
study’s results. 
Methodology.  Generalized Linear Mixed Models are expanded parametric 
evaluative tools that are relatively new to the research scene. GLMMS are advantageous 
over linear regression methods as they are robust to the violation of the assumptions 
underlying parametric statistical procedures such as normality, homogeneity of variance, 
and independence of errors. 
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There is much debate in the literature about the best way to build the models, 
including which estimation algorithm and link function to utilize, and the researchers are 
responsible for making informed choices for themselves (COLOSS, 2008). The most 
used method for including fixed effects in the model is to test for the significance of 
additional terms as they are added to the previous model (Pan & Lin, 2005; Tabachnik & 
Fidell, 2013). Additionally, preferred methods for assessing the goodness-of-fit of the 
final model also vary and depend on the methods chosen for building the model, namely 
the type of dependent variables and potential correlations among the residuals (Pan & 
Lin, 2005). Including random effects for nested data further complicates the model 
assessment. In summary, determining the quality of the generated models is imprecise. 
Lastly, a known issue when using GLMM is under- or overdispersion, which can 
cause poor model fitting, where the differences between observed and predicted values of 
the tested model are less than or greater than those predicted by the error structure. 
Overdispersion can occur when there are extreme outliers (COLOSS, 2008; Hox, 2010: 
McCullagh & Nelder, 1989), missing covariates, or with use of an incorrect link-function 
(COLOSS, 2008). Underdispersion is less worrisome as it indicates that the significance 
values as likely lower. 
Data.  Utilizing ex-post facto data imposes limitations on the research study, as 
the researcher is limited to using the data available. For the dataset utilized in this study, 
only school-level and district-level characteristics were available. Additionally, the 
dataset did not include all possible demographic information about Washington state 
schools, specifically missing measures of school building climate and school building 
leadership, both linked to academic achievement. This could explain the lack of 
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statistically significant findings for the SBA-ELA and SBA- Math models, and the 
overdispersion present for all four final GLMMs. 
 Limitations also arise from using standardized test scores as a measure of 
academic achievement, as cultural and gender bias are inherent to standardized 
measurements and have been documented in the literature (Fraire, 2014; Nichols, 2003; 
Sedlacek, 2004; Williams, 1983). Cultural bias and gender bias in the dependent 
variables’ measurement instruments make interpreting the results of the study more 
challenging, even though gender and percent minority were included as school-level 
covariates. 
Implications of the Findings and Suggestions for Future Research 
 
 Expanding on previous studies that report on the positive academic effects of 
completing college-level coursework in secondary schools, this study provides modest 
support that the presence of such programs could positively influence academic 
achievement school-wide. However, the mixed results and various limitations to this 
study hamper its ability to come to a conclusive answer. Further research is needed to 
determine if better-fitted models can be obtained by adding student-level covariates and 
additional school-level covariates. Many factors contribute to academic success, most 
notably student-level characteristics such as ethnicity/culture, motivation, and especially 
family socioeconomic status, which further determines the neighborhood school that a 
student will attend, if the student participates in early childhood learning opportunities 
like pre-school, and often how much parent involvement a child has during formal 
schooling years. Additional school-level factors also effect academic achievement, most 
notably, school building climate and teacher and leadership characteristics.  
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The present study was limited to schools in Washington state. Further studies 
utilizing a random sampling of secondary schools across the U.S. are needed to confirm 
and increase the generalizability of the research findings. District-level factors such as 
overall district socioeconomic status, size, and location may contribute more when 
schools in multiple states are included in the sample. 
 Lastly, alternative statistical software is available that specifically addresses 
hierarchical linear models, HLM by Raudenbush and Bryk (2002). Ideally, GLMMs 
generated in the future would be confirmed using this software as well. 
Concluding Remarks 
 
Since A Nation at Risk was published in 1983, many education reforms have tried 
and failed to close the widening achievement gap in the U.S. A popular response to 
address this issue has been for public high schools to adopt AP, IB, and/or CIE 
curriculums. While many studies have examined the positive academic outcomes 
associated with participation in these college-level curriculums during secondary 
schooling, the rapid expansion of the AP and IB programs in U.S. public high schools as 
the means for increasing school-wide academic rigor, and thus achievement, has not been 
well-researched. While improving academic achievement for all students, with a focus on 
closing the achievement- and gender-gaps, is a tall order, given all the factors that 
contribute to student academic achievement, assessing the success of an educational 
intervention aiming to improve academic outcomes is complicated, as controlling for all 
the student-level, school-level, and district-level contributors is challenging. 
While the results of this study are not definitive, they do suggest directions for 
further research with an aim to improve the GLMM models, thus enhancing the models’ 
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ability to determine if the presence of college-level curriculum(s) do indeed influence 
school-wide academic achievement.  
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Appendix A: Colleges Participating in AP Research Studies 1978-1998 
Table A1 
List of Colleges Participating in the 1978-1984 Personal Qualities Project Conducted by 
Willingham and Breland (1982). A subset of this data was used in the 1986 study by 
Willingham and Morris. 
Bucknell University Occidental College 
Colgate University Ohio Wesleyan University 
Hartwick College University of Richmond 
Kenyon College Williams College 
Kalamazoo College  
Table A2 
List of Colleges Participating in the 1986 AP Study by Casserly. 
University of California, Los Angeles 
(UCLA) 
Clemson University 
Duke University 
Indiana University 
University of Michigan 
Southern Methodist University 
University of Vermont 
New York University 
University of Oregon 
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Table A3 
List of Colleges Participating in the 1998 AP Study by Morgan and Ramist. 
 
Boston College 
Brigham Young University 
Carnegie Mellon University 
Clemson University 
College of William and Mary 
Cornell College (IA) 
Cornell University 
Duke University 
Michigan State University 
Pennsylvania State University 
Stanford University 
Tulane University 
University of California-Davis 
University of California-Irvine 
University of Georgia 
University of Illinois 
University of North Carolina at Chapel 
Hill 
University of Texas at Austin 
University of Utah 
University of Virginia 
Yale University
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Appendix B: AP Status and Post -Secondary Outcomes 
Table B1 
Average Course Grade Comparison of AP Students to Students Taking Introductory 
Classes at 21 U.S. Colleges in 1992-3. Copied from Morgan and Ramist, 1998. 
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Table B2 
Partial Effect sizes (ƞ2) for Determining Impact of AP Status on Post-Secondary 
Outcomes. Copied from Keng and Dodd, 2008. 
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Appendix C: Alphabetical List and Map of Washington State School Districts 
A  
Aberdeen School District Anacortes School District 
Adna School District Arlington School District 
Almira School District Asotin-Anatone School District 
   Auburn School District 
B 
Bainbridge Island School District  Blaine School District 
Battle Ground School District Boistfort School District 
Bellevue School District  Bremerton School District 
Bellingham School District Brewster School District  
Benge School District Bridgeport School District 
Bethel School District Brinnon School District 
Bickleton School District Burlington-Edison School District 
C 
Camas School District Clover Park School District 
Cape Flattery School District Colfax School District 
Carbonado School District College Place School District 
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Cascade School District Colton School District 
Cashmere School District Columbia (Walla Walla) School District 
Castle Rock School District Columbia (Stevens) School District 
Centerville School District Colville School District 
Central Kitsap School District Concrete School District 
Central Valley School District Conway School District 
Centralia School District Cosmopolis School District 
Chehalis School District Coulee/Hartline School District 
Cheney School District Coupeville School District 
Chewelah School District Crescent School District 
Chimacum School District Creston School District 
Clarkston School District Curlew School District 
Cle Elum-Roslyn School District Cusick School District 
D 
Damman School District Deer Park School District 
Darrington School District Dieringer School District 
Davenport School District Dixie School District 
Dayton School District 
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E 
East Valley School District (Spokane) Endicott School District 
East Valley School District (Yakima) Entiat School District 
Eastmont School District Enumclaw School District 
Easton School District Ephrata School District 
Eatonville School District Evaline School District 
Edmonds School District  Everett School District 
Ellensburg School District  Evergreen School District (Clark)  
Elma School District  Evergreen School District (Stevens) 
F 
Federal Way School District  Finley School District 
Ferndale School District Franklin Pierce School District 
Fife Public Schools Freeman School District 
G 
Garfield School District Granite Falls School District 
Glenwood School District Grapeview School District 
Goldendale School District Great Northern School District 
Grand Coulee Dam School District Green Mountain School District 
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Grandview School District Griffin School District 
Granger School District 
 
H 
Harrington School District Hockinson School District 
Highland School District Hood Canal School District 
Highline School District Home Page Hoquiam School District 
I 
Inchelium School District Issaquah School District 
Index School District 
 
K 
Kahlotus School District Kent School District 
Kalama School District Kettle Falls School District 
Keller School District Kiona Benton School District 
Kelso School District Kittitas School District 
Kennewick School District Klickitat School District 
L 
LaCenter School District Lamont School District 
LaConner School District Liberty School District 
Lacrosse School District Lind School District 
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Lake Chelan School District Longview Public Schools 
Lake Quinault School District Loon Lake School District 
Lake Stevens School District Lopez School District 
Lake Washington School District Lyle School District 
Lakewood School District Lynden School District 
M 
Mabton School District Mill A School District 
Mansfield School District Monroe School District 
Manson School District Montesano School District 
Mary M Knight School District Morton School District 
Mary Walker School District Moses Lake School District 
Marysville School District Mossyrock School District 
McCleary School District Mount Adams School District 
Mead School District Mount Baker School District 
Medical Lake School District Mount Pleasant School District 
Mercer Island School District Mount Vernon School District 
Meridian School District Mukilteo School District 
Methow Valley School District 
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N 
Naches Valley School District North Franklin School District 
Napavine School District North Kitsap School District 
Naselle-Grays River Valley School 
District 
North Mason School District 
Nespelem School District North River School District 
Newport School District North Thurston Public Schools 
Nine Mile Falls School District Northport School District 
Nooksack Valley School District Northshore School District 
North Beach School District 
 
O 
Oak Harbor School District Onalaska School District 
Oakesdale School District Onion Creek School District 
Oakville School District Orcas School District 
Ocean Beach School District Orchard Prairie School District 
Ocosta School District Orient School District 
Odessa School District Orondo School District 
Okanogan School District  Oroville School District 
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Olympia School District  Orting School District 
Omak School District Othello School District 
P 
Palisades School District Pioneer School District 
Palouse School District Pomeroy School District 
Pasco School District Port Angeles School District 
Pateros School District Port Townsend School District 
Paterson School District Prescott School District 
Pe Ell School District Prosser School District 
Peninsula School District Pullman School District 
 
Puyallup School District 
Q 
Queets-Clearwater School District Quincy School District 
Quilcene School District Quillayute Valley School District 
  
R 
Rainier School District Ritzville School District 
Raymond School District Riverside School District 
Reardan-Edwall Schools Riverview School District 
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Renton School District Rochester School District 
Republic School District Roosevelt School District 
Richland School District Rosalia School District 
Ridgefield School District Royal School District 
S 
San Juan School District South Whidbey School District 
Satsop School District Southside School District 
Seattle School District Spokane Public Schools 
Sedro-Woolley Schools Sprague-Lamont School District 
Selah School District St. John School District 
Selkirk School District Stanwood-Camano School District 
Sequim School District Star School District 
Shaw Island School District Starbuck School District 
Shelton School District  Stehekin School District 
Shoreline School District Steilacoom Hist. School District 
Skamania School District Steptoe School District 
Skykomish School District Stevenson-Carson School District 
Snohomish School District Sultan School District 
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Snoqualmie Valley School District Summit Valley School District 
Soap Lake School District Sumner School District 
South Bend School District Sunnyside School District 
South Kitsap School District 
 
T 
Tacoma Public Schools Tonasket School District 
Taholah School District Toppenish School District 
Tahoma School District  Touchet School District 
Tekoa School District Toutle Lake School District 
Tenino School District Trout Lake School District 
Thorp School District Tukwila School District 
Toledo School District Tumwater School District 
U 
Union Gap School District University Place School District 
 V 
Vancouver Public Schools Valley School District 
Vashon Island School District   
W 
Wahkiakum School District West Valley School District (Yakima) 
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Wahluke School District West Valley School District (Spokane) 
Waitsburg School District White Pass School District 
Walla Walla School District White River School District 
Wapato School District White Salmon Valley Schools 
Warden School District Wilbur School District 
Washougal School District Willapa Valley School District 
Washington School for the Blind  
Washington School for the Deaf  
Wilson Creek School District 
Washtucna School District Winlock School District 
Waterville School District Wishkah Valley School 
Wellpinit School District Wishram School District 
Wenatchee School District Woodland School District 
Y 
Yakima School District  Yelm Community Schools  
Z 
Zillah School District 
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Appendix D: Sample SBA and EOC Score Reports
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Appendix E: Raw Descriptive Statistics, Histograms, and P-P Plots  
Table E1 
 
School Type Coded 
 Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid "Traditional" Public 
School 
363 64.9 64.9 64.9 
Alternative 148 26.5 26.5 91.4 
Reengagement 16 2.9 2.9 94.3 
Special Education 3 .5 .5 94.8 
Homeschool 
Partnership 
20 3.6 3.6 98.4 
Institution 3 .5 .5 98.9 
Online School 1 .2 .2 99.1 
Tribal Agency 1 .2 .2 99.3 
Tribal 4 .7 .7 100.0 
Total 559 100.0 100.0  
 
Table E2 
 
“Traditional” or “Alternative” School? 
 Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid "Alternative
" 
196 35.1 35.1 35.1 
"Traditional
" 
363 64.9 64.9 100.0 
Total 559 100.0 100.0  
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Table E3 
 
Grade Span Coded 
 Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid 9-12 368 65.8 65.8 65.8 
pK/K-12 69 12.3 12.3 78.2 
5/6/7/8-12 88 15.7 15.7 93.9 
10-12 21 3.8 3.8 97.7 
11-12 4 .7 .7 98.4 
Special 
Education 
2 .4 .4 98.7 
Alternative 5 .9 .9 99.6 
Virtual 2 .4 .4 100.0 
Total 559 100.0 100.0  
 
 
Table E4 
 
College Programs Offered Coded 
 Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid None 74 13.2 13.2 13.2 
AP 4 .7 .7 14.0 
AP and IB 1 .2 .2 14.1 
DC 200 35.8 35.8 49.9 
AP and DC 262 46.9 46.9 96.8 
IB and DC 8 1.4 1.4 98.2 
AP, IB, and DC 6 1.1 1.1 99.3 
AP, DC, and 
CIE 
2 .4 .4 99.6 
DC and CIE 1 .2 .2 99.8 
AP, IB, DC, and 
CIE 
1 .2 .2 100.0 
Total 559 100.0 100.0  
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Table E5 
College Program Coded Dichotomous 
Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid No College-level 
Programs 
74 13.2 13.2 13.2 
1+ College-level 
Programs 
485 86.8 86.8 100.0 
Total 559 100.0 100.0 
Table E6 
Dependent Variables 
School EOC 
Biology 
Total 
Number 
Students 
Meeting 
Standard 
School SBA 
ELA Total 
Number 
Students 
Meeting 
Standard 
School SBA 
Math Total 
Number 
Students 
Meeting 
Standard 
School 
Number of 
2015 
Graduates 
N Valid 335 376 273 500 
Missing 224 183 286 59 
Mean 99.28 46.71 31.97 126.97 
Std. Deviation 109.358 51.788 31.049 136.242 
Variance 11959.177 2682.026 964.069 18561.929 
Skewness 1.283 1.724 1.424 1.015 
Std. Error of 
Skewness 
.133 .126 .147 .109 
Kurtosis 1.006 2.981 2.083 -.224 
Std. Error of Kurtosis .266 .251 .294 .218 
Range 492 283 167 550 
170 
 
 
 
 
 
 
 
 
171 
 
 
 
 
 
 
 
172 
 
 
 
 
 
173 
 
 
 
 
 
174 
 
 
 
 
 
 
175 
 
 
 
 
 
 
176 
 
 
 
 
 
177 
 
 
 
 
 
178 
 
 
 
 
 
179 
 
 
 
 
 
180 
 
 
 
 
 
 
 
 
181 
 
 
 
 
 
 
 
 
182 
 
 
 
 
 
183 
 
 
 
 
 
184 
 
 
 
 
 
185 
 
 
 
 
 
186 
 
 
 
 
 
187 
 
 
 
 
 
188 
 
 
 
 
 
189 
 
 
 
 
 
190 
 
 
 
 
 
191 
 
 
 
 
 
192 
 
 
 
 
 
193 
 
 
 
 
 
194 
 
 
 
 
 
195 
 
 
 
 
 
196 
 
 
 
 
 
197 
 
 
 
 
 
198 
 
 
 
 
 
199 
 
 
 
 
 
200 
 
 
 
 
 
201 
 
 
 
 
 
202 
 
 
 
 
 
203 
 
 
 
 
 
204 
 
 
 
 
 
205 
 
 
 
 
 
206 
 
 
 
 
 
207 
 
 
 
 
 
 
 
208 
 
 
 
 
 
 
 
 
209 
 
 
 
 
 
 
 
 
210 
Table E7 
Full Descriptive Statistics 
N Min Max Mean 
Std. 
Deviation Variance Skewness Kurtosis 
Stat Stat Stat Stat Stat Stat Stat 
Std. 
Error Stat 
Std. 
Error 
School Type 
Coded 
559 1 13 1.62 1.41 1.99 4.88 .103 31.75 .21 
Grade Span 
Coded 
559 1 9 1.70 1.26 1.58 2.60 .103 9.64 .21 
College 
Program 
Yes(1) or 
No(0) 
559 .00 1.00 .87 .339 .12 -2.176 .103 2.742 .21 
School Total 
Enrollment 
559 8 3364 610.50 641.51 411538.72 1.10 .103 .142 .21 
School 
Percent 
Male 
Students 
559 .00 100.00 51.47 7.49 56.04 .74 .103 13.85 .21 
School 
Percent 
Minority 
Students 
559 3.32
0 
100.00 37.23 24.38 594.41 1.04 .103 .182 .21 
School 
Percent 
Migrant 
Students 
559 .00 44.00 1.99 5.40 29.20 3.98 .103 19.24 .21 
School 
Percent 
Bilingual/ 
Transitional 
Students 
559 .00 99.28 3.83 7.54 56.92 5.81 .103 54.66 .21 
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School 
Percent 
Special 
Education 
Students 
559 .00 100.00 12.00 9.82 96.36 4.92 .10 37.65 .21 
School 
Percent 
Free/Reduce
d Price 
Meals 
556 0 94 44.70 20.83 433.98 .09 .10 -.60 .21 
School 
Percent 
Section 504 
Students 
559 .00 26.92 3.64 3.51 12.33 2.40 .10 10.44 .21 
School 
Percent 
Students in 
Foster Care 
559 .000 9.71 .18 .86 .740 7.67 .10 66.56 .21 
School 
Average 
Number of 
Students Per 
Classroom 
Teacher 
559 0 197 16.86 12.92 167.02 6.47 .10 75.98 .21 
School 
Teacher 
Average 
Years of 
Educational 
Experience 
558 .0 35.0 13.74 5.39 29.03 -.46 .10 2.03 .21 
School 
Percent of 
Teachers 
Holding at 
Least 
Master's 
Degree 
556 .00 100.00 65.12 22.33 498.42 -1.48 .10 2.54 .21 
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School EOC 
Biology 
Total 
Number 
Students 
Tested 
335 2 602 139.19 137.41 18881.36 1.02 .13 .14 .27 
School EOC 
Biology 
Total 
Number 
Students 
Meeting 
Standard 
335 1 493 99.28 109.36 11959.18 1.28 .13 1.01 .27 
School SBA 
ELA Total 
Number 
Students 
Tested 
376 2 526 90.40 94.30 8892.46 1.53 .13 2.08 .25 
School SBA 
ELA Total 
Number 
Students 
Meeting 
Standard 
376 1 284 46.71 51.79 2682.03 1.72 .13 2.98 .25 
School SBA 
Math Total 
Number 
Students 
Tested 
273 2 479 103.18 92.65 8583.25 1.33 .15 1.47 .29 
School SBA 
Math Total 
Number 
Students 
Meeting 
Standard 
273 1 168 31.97 31.05 964.07 1.42 .15 2.08 .29 
School 
Number of 
Students in 
Adjusted 
Cohort 
500 0 835 154.46 147.77 21836.00 1.07 .11 .35 .22 
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School 
Number of 
2015 
Graduates 
500 0 550 126.97 136.24 18561.93 1.02 .11 -.22 .22 
District 
Total 
Enrollment 
550 33 52865 10279.76 11655.73 135855969.70 1.64 .10 3.02 .21 
District 
Percent 
Minority 
Students 
550 4.05 98.94 39.07 22.12 489.38 .81 .10 -.05 .21 
District 
Percent 
Free/Reduce
d Meals 
549 0 94 48.19 18.07 326.44 -.07 .10 -.15 .21 
Valid N 
(listwise) 
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Appendix F: Raw Collinearity Analysis Data 
Collinearity Test of IVs Against EOC-Bio Exam Results 
Table F1 
EOC-Biology Coefficients 
Model 
Collinearity 
Statistics 
Tolerance VIF 
1 School Total Enrollment .667 1.498 
School Percent Minority Students .354 2.828 
School Percent Male Students .803 1.246 
School Percent Migrant Students .661 1.513 
School Percent Bilingual/Transitional Students .370 2.701 
School Percent Special Education Students .737 1.356 
School Percent Free/Reduced Price Meals .379 2.635 
School Percent Section 504 Students .853 1.173 
School Percent Students in Foster Care .799 1.251 
School Average Number of Students Per 
Classroom Teacher 
.786 1.273 
School Teacher Average Years of Educational 
Experience 
.642 1.557 
School Percent of Teachers Holding at Min. MA 
Degree 
.683 1.464 
a. Dependent Variable: School EOC Biology Total
Number Students Meeting Standard
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Table F2 
EOC- Biology Collinearity Diagnostics 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) 
School Total 
Enrollment 
School 
Percent 
Minority 
Students 
1 1 9.074 1.000 .00 .00 .00 
2 1.259 2.685 .00 .00 .00 
3 .963 3.070 .00 .00 .00 
4 .466 4.413 .00 .34 .00 
5 .430 4.595 .00 .01 .01 
6 .308 5.429 .00 .04 .02 
7 .197 6.779 .00 .23 .00 
8 .109 9.134 .00 .04 .42 
9 .086 10.271 .00 .06 .06 
10 .051 13.346 .00 .19 .41 
11 .033 16.683 .03 .07 .06 
12 .021 20.786 .03 .03 .01 
13 .004 49.979 .94 .00 .01 
Dependent Variable: School EOC Biology Total Number Students Meeting Standard 
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Model Dimension 
Variance Proportions 
School 
Percent Male 
Students 
School 
Percent 
Migrant 
Students 
School 
Percent 
Bilingual/Tra
nsitional 
Students 
School 
Percent 
Special 
Education 
Students 
School 
Percent 
Free/Reduced 
Price Meals 
1 1 .00 .00 .00 .00 .00 
2 .00 .22 .06 .00 .00 
3 .00 .00 .00 .00 .00 
4 .00 .00 .01 .08 .01 
5 .00 .63 .17 .01 .00 
6 .00 .02 .06 .00 .00 
7 .00 .06 .02 .51 .01 
8 .00 .01 .55 .11 .06 
9 .00 .01 .05 .15 .02 
10 .00 .00 .00 .01 .68 
11 .06 .02 .00 .06 .01 
12 .05 .03 .07 .00 .19 
13 .89 .00 .01 .06 .01 
 
 
  
217 
 
 
 
 
Model Dimension 
Variance Proportions 
School 
Percent 
Section 504 
Students 
School 
Percent 
Students in 
Foster Care 
School 
Average 
Number of 
Students Per 
Classroom 
Teacher 
School 
Teacher 
Average 
Years of 
Educational 
Experience 
School 
Percent of 
Teachers 
Holding at 
Min. MA 
Degree 
1 1 .00 .00 .00 .00 .00 
2 .02 .01 .00 .00 .00 
3 .01 .71 .00 .00 .00 
4 .00 .01 .01 .00 .00 
5 .09 .03 .00 .00 .00 
6 .72 .01 .01 .01 .00 
7 .01 .03 .07 .01 .00 
8 .01 .13 .04 .01 .01 
9 .02 .03 .78 .05 .01 
10 .06 .00 .06 .02 .08 
11 .03 .00 .00 .69 .03 
12 .00 .00 .00 .19 .87 
13 .02 .02 .03 .01 .00 
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Collinearity Test of IVs Against SBA-ELA Exam Results 
Table F3 
SBA-ELA Coefficients 
Model 
Collinearity 
Statistics 
Tolerance VIF 
1 School Total Enrollment .722 1.385 
School Percent Minority Students .384 2.603 
School Percent Male Students .805 1.242 
School Percent Migrant Students .580 1.723 
School Percent Bilingual/Transitional Students .364 2.750 
School Percent Special Education Students .682 1.465 
School Percent Free/Reduced Price Meals .413 2.424 
School Percent Section 504 Students .876 1.142 
School Percent Students in Foster Care .685 1.460 
School Average Number of Students Per 
Classroom Teacher 
.772 1.296 
School Teacher Average Years of Educational 
Experience 
.633 1.580 
School Percent of Teachers Holding at Min. MA 
Degree 
.614 1.630 
Dependent Variable: School SBA ELA Total Number 
Students Meeting Standard 
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Table F4 
SBA-ELA Collinearity Diagnostics 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) 
School Total 
Enrollment 
School 
Percent 
Minority 
Students 
1 1 8.990 1.000 .00 .00 .00 
2 1.328 2.602 .00 .00 .00 
3 .957 3.064 .00 .00 .00 
4 .519 4.163 .00 .40 .00 
5 .359 5.003 .00 .09 .00 
6 .328 5.236 .00 .00 .03 
7 .181 7.056 .00 .26 .00 
8 .120 8.656 .00 .00 .44 
9 .089 10.052 .00 .00 .01 
10 .054 12.955 .00 .17 .35 
11 .043 14.447 .03 .03 .14 
12 .027 18.107 .02 .01 .00 
13 .005 41.854 .95 .03 .01 
Dependent Variable: School SBA ELA Total Number Students Meeting Standard 
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Model Dimension 
Variance Proportions 
School 
Percent Male 
Students 
School 
Percent 
Migrant 
Students 
School 
Percent 
Bilingual/Tra
nsitional 
Students 
School 
Percent 
Special 
Education 
Students 
School 
Percent 
Free/Reduced 
Price Meals 
1 1 .00 .00 .00 .00 .00 
2 .00 .17 .05 .00 .00 
3 .00 .00 .00 .00 .00 
4 .00 .05 .01 .01 .01 
5 .00 .36 .04 .03 .02 
6 .00 .28 .17 .00 .00 
7 .00 .04 .06 .26 .01 
8 .00 .00 .55 .09 .04 
9 .01 .03 .03 .50 .01 
10 .00 .02 .00 .09 .72 
11 .09 .01 .01 .01 .02 
12 .03 .02 .04 .00 .14 
13 .87 .00 .02 .00 .05 
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Model Dimension 
Variance Proportions 
School 
Percent 
Section 504 
Students 
School 
Percent 
Students in 
Foster Care 
School 
Average 
Number of 
Students Per 
Classroom 
Teacher 
School 
Teacher 
Average 
Years of 
Educational 
Experience 
School 
Percent of 
Teachers 
Holding 
Min.MA 
Degree 
1 1 .00 .00 .00 .00 .00 
2 .02 .02 .00 .00 .00 
3 .00 .60 .00 .00 .00 
4 .10 .01 .01 .00 .00 
5 .40 .02 .00 .00 .00 
6 .33 .03 .02 .01 .00 
7 .00 .08 .30 .00 .00 
8 .02 .04 .00 .02 .01 
9 .00 .07 .56 .08 .02 
10 .07 .00 .07 .01 .08 
11 .02 .00 .00 .54 .00 
12 .01 .01 .02 .30 .88 
13 .02 .14 .02 .03 .00 
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Collinearity Test of IVs Against SBA-Math Exam Results 
Table F5 
SBA- Math Coefficients 
Model 
Collinearity 
Statistics 
Tolerance VIF 
1 School Total Enrollment .700 1.428 
School Percent Minority Students .317 3.158 
School Percent Male Students .947 1.056 
School Percent Migrant Students .621 1.610 
School Percent Bilingual/Transitional Students .336 2.973 
School Percent Special Education Students .729 1.371 
School Percent Free/Reduced Price Meals .388 2.579 
School Percent Section 504 Students .803 1.246 
School Percent Students in Foster Care .826 1.211 
School Average Number of Students Per Classroom 
Teacher 
.824 1.213 
School Teacher Average Years of Educational 
Experience 
.655 1.526 
School Percent of Teachers Holding at Min. MA 
Degree 
.762 1.312 
a. Dependent Variable: School SBA Math Total
Number Students Meeting Standard
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Table F6 
SBA- Math Collinearity Diagnostics 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) 
School Total 
Enrollment 
School 
Percent 
Minority 
Students 
1 1 9.280 1.000 .00 .00 .00 
2 1.263 2.710 .00 .00 .00 
3 .947 3.131 .00 .01 .00 
4 .436 4.614 .00 .23 .01 
5 .350 5.149 .00 .13 .00 
6 .312 5.455 .00 .14 .02 
7 .141 8.119 .00 .29 .00 
8 .093 9.986 .00 .01 .51 
9 .077 11.007 .00 .00 .03 
10 .047 13.981 .00 .17 .12 
11 .030 17.634 .01 .00 .25 
12 .021 21.001 .04 .01 .03 
13 .004 49.942 .94 .01 .03 
Dependent Variable: School SBA Math Total Number Students Meeting Standard 
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Model Dimension 
Variance Proportions 
School 
Percent Male 
Students 
School 
Percent 
Migrant 
Students 
School 
Percent 
Bilingual/Tra
nsitional 
Students 
School 
Percent 
Special 
Education 
Students 
School 
Percent 
Free/Reduced 
Price Meals 
1 1 .00 .00 .00 .00 .00 
2 .00 .20 .05 .00 .00 
3 .00 .00 .00 .00 .00 
4 .00 .28 .10 .01 .00 
5 .00 .27 .01 .03 .03 
6 .00 .17 .09 .00 .00 
7 .00 .01 .08 .24 .01 
8 .00 .00 .60 .02 .01 
9 .01 .00 .01 .47 .00 
10 .01 .02 .01 .23 .86 
11 .04 .04 .00 .01 .05 
12 .09 .00 .03 .00 .03 
13 .86 .00 .01 .00 .00 
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Model Dimension 
Variance Proportions 
School 
Percent 
Section 504 
Students 
School 
Percent 
Students in 
Foster Care 
School 
Average 
Number of 
Students Per 
Classroom 
Teacher 
School 
Teacher 
Average 
Years of 
Educational 
Experience 
School 
Percent of 
Teachers 
Holding Min. 
MA Degree 
1 1 .00 .00 .00 .00 .00 
2 .02 .01 .00 .00 .00 
3 .01 .71 .00 .00 .00 
4 .03 .08 .00 .00 .00 
5 .32 .00 .00 .00 .00 
6 .38 .01 .02 .00 .00 
7 .00 .12 .31 .00 .01 
8 .05 .07 .05 .04 .00 
9 .01 .00 .54 .04 .02 
10 .18 .00 .02 .00 .04 
11 .01 .00 .00 .82 .09 
12 .00 .00 .03 .00 .84 
13 .00 .00 .01 .09 .00 
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Collinearity Test of IVs Against Graduation Rates 
Table F7 
2015 Grads Coefficients 
Model 
Collinearity 
Statistics 
Tolerance VIF 
1 School Total Enrollment .793 1.261 
School Percent Minority Students .449 2.228 
School Percent Male Students .855 1.170 
School Percent Migrant Students .592 1.689 
School Percent Bilingual/Transitional Students .482 2.075 
School Percent Special Education Students .794 1.259 
School Percent Free/Reduced Price Meals .474 2.112 
School Percent Section 504 Students .882 1.134 
School Percent Students in Foster Care .796 1.257 
School Average Number of Students Per 
Classroom Teacher 
.796 1.256 
School Teacher Average Years of Educational 
Experience 
.572 1.748 
School Percent of Teachers Holding at Min. MA 
Degree 
.511 1.958 
Dependent Variable: School Number of 2015 Graduates 
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Table F8 
2015 Grads Collinearity Diagnostics 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) 
School Total 
Enrollment 
School 
Percent 
Minority 
Students 
1 1 8.506 1.000 .00 .00 .00 
2 1.406 2.459 .00 .00 .00 
3 .961 2.974 .00 .00 .00 
4 .531 4.003 .00 .45 .00 
5 .394 4.648 .00 .04 .00 
6 .374 4.766 .00 .05 .01 
7 .303 5.294 .00 .19 .00 
8 .183 6.822 .00 .01 .12 
9 .173 7.016 .00 .01 .23 
10 .068 11.157 .01 .11 .61 
11 .059 12.048 .04 .10 .01 
12 .035 15.540 .00 .00 .01 
13 .007 35.878 .95 .02 .00 
Dependent Variable: School Number of 2015 Graduates 
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Model Dimension 
Variance Proportions 
School 
Percent Male 
Students 
School 
Percent 
Migrant 
Students 
School 
Percent 
Bilingual/Tra
nsitional 
Students 
School 
Percent 
Special 
Education 
Students 
School 
Percent 
Free/Reduced 
Price Meals 
1 1 .00 .00 .00 .00 .00 
2 .00 .15 .09 .00 .00 
3 .00 .00 .00 .00 .00 
4 .00 .01 .02 .05 .01 
5 .00 .12 .19 .00 .00 
6 .00 .58 .13 .02 .01 
7 .00 .03 .13 .16 .00 
8 .00 .03 .15 .60 .03 
9 .00 .00 .18 .07 .00 
10 .01 .00 .02 .05 .43 
11 .08 .04 .03 .01 .41 
12 .01 .02 .03 .02 .04 
13 .90 .01 .03 .01 .05 
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Model Dimension 
Variance Proportions 
School 
Percent 
Section 504 
Students 
School 
Percent 
Students in 
Foster Care 
School 
Average 
Number of 
Students Per 
Classroom 
Teacher 
School 
Teacher 
Average 
Years of 
Educational 
Experience 
School 
Percent of 
Teachers 
Holding Min. 
MA Degree 
1 1 .00 .00 .00 .00 .00 
2 .02 .02 .00 .00 .00 
3 .00 .71 .01 .00 .00 
4 .06 .01 .03 .00 .00 
5 .34 .02 .17 .01 .00 
6 .27 .01 .00 .00 .00 
7 .17 .04 .32 .00 .00 
8 .00 .00 .17 .00 .00 
9 .02 .08 .15 .12 .03 
10 .01 .00 .06 .12 .06 
11 .05 .00 .01 .15 .00 
12 .00 .01 .09 .59 .90 
13 .04 .10 .00 .00 .00 
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Table F9 
 
Non-Parametric Correlation Coefficients for Predictor Variables 
 
School 
Total 
Enroll-
ment 
School 
Percent 
Minority 
Students 
School 
Percent 
Male 
Students 
School 
Percent 
Migrant 
Students 
School 
Percent 
Bilingual
/Transit-
ional 
Students 
School 
Percent 
Special 
Education 
Students 
School 
Percent 
Free/ 
Reduced 
Price 
Meals 
School 
Percent 
Section 
504 
Students 
School 
Percent 
Students 
in Foster 
Care 
School 
Average 
Number of 
Students 
Per 
Classroom 
Teacher 
School 
Teacher 
Average 
Years of 
Educational 
Experience 
School 
Percent 
of 
Teachers 
Holding 
at Min. 
MA 
Degree 
Kendall's 
tau_b 
School 
Total 
Enrollment 
Correlation 
Coefficient 
1.000 .103** .007 .135** .264** -.025 -.216** .128** .271** .421** -.011 .104** 
Sig. (2-
tailed) 
. .000 .798 .000 .000 .373 .000 .000 .000 .000 .690 .000 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Minority 
Students 
Correlation 
Coefficient 
.103** 1.000 .074** .341** .462** .042 .287** -.054 .089** -.001 -.187** -.111** 
Sig. (2-
tailed) 
.000 . .009 .000 .000 .139 .000 .059 .008 .974 .000 .000 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Male 
Students 
Correlation 
Coefficient 
.007 .074** 1.000 .050 .055 .087** .061* -.067* .069* -.082** -.007 -.011 
Sig. (2-
tailed) 
.798 .009 . .114 .063 .002 .032 .020 .040 .005 .799 .701 
N 559 559 559 559 559 559 556 559 559 559 558 556 
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School 
Percent 
Migrant 
Students 
Correlation 
Coefficient 
.135** .341** .050 1.000 .473** .024 .253** -.103** .066 .042 .042 -.071* 
Sig. (2-
tailed) 
.000 .000 .114 . .000 .436 .000 .001 .079 .189 .181 .025 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Bilingual/T
ransitional 
Students 
Correlation 
Coefficient 
.264** .462** .055 .473** 1.000 .015 .236** -.039 .088* .119** -.095** -.052 
Sig. (2-
tailed) 
.000 .000 .063 .000 . .616 .000 .184 .012 .000 .001 .080 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Special 
Education 
Students 
Correlation 
Coefficient 
-.025 .042 .087** .024 .015 1.000 .207** -.025 .118** -.144** .086** -.025 
Sig. (2-
tailed) 
.373 .139 .002 .436 .616 . .000 .383 .000 .000 .003 .385 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Free/Reduc
ed Price 
Meals 
Correlation 
Coefficient 
-.216** .287** .061* .253** .236** .207** 1.000 -.177** .012 -.219** -.011 -.149** 
Sig. (2-
tailed) 
.000 .000 .032 .000 .000 .000 . .000 .715 .000 .694 .000 
N 556 556 556 556 556 556 556 556 556 556 555 553 
School 
Percent 
Section 504 
Students 
Correlation 
Coefficient 
.128** -.054 -.067* -.103** -.039 -.025 -.177** 1.000 -.006 .116** .027 .065* 
Sig. (2-
tailed) 
.000 .059 .020 .001 .184 .383 .000 . .860 .000 .355 .024 
N 559 559 559 559 559 559 556 559 559 559 558 556 
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School 
Percent 
Students in 
Foster Care 
Correlation 
Coefficient 
.271** .089** .069* .066 .088* .118** .012 -.006 1.000 .102** .006 -.015 
Sig. (2-
tailed) 
.000 .008 .040 .079 .012 .000 .715 .860 . .003 .864 .663 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Average 
Number of 
Students 
Per 
Classroom 
Teacher 
Correlation 
Coefficient 
.421** -.001 -.082** .042 .119** -.144** -.219** .116** .102** 1.000 .092** .260** 
Sig. (2-
tailed) 
.000 .974 .005 .189 .000 .000 .000 .000 .003 . .002 .000 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Teacher 
Average 
Years of 
Educational 
Experience 
Correlation 
Coefficient 
-.011 -.187** -.007 .042 -.095** .086** -.011 .027 .006 .092** 1.000 .233** 
Sig. (2-
tailed) 
.690 .000 .799 .181 .001 .003 .694 .355 .864 .002 . .000 
N 558 558 558 558 558 558 555 558 558 558 558 555 
School 
Percent of 
Teachers 
Holding at 
Min. MA 
Degree 
Correlation 
Coefficient 
.104** -.111** -.011 -.071* -.052 -.025 -.149** .065* -.015 .260** .233** 1.000 
Sig. (2-
tailed) 
.000 .000 .701 .025 .080 .385 .000 .024 .663 .000 .000 . 
N 556 556 556 556 556 556 553 556 556 556 555 556 
Spearman'
s rho 
Correlation 
Coefficient 
1.000 .154** .007 .196** .376** -.026 -.316** .182** .350** .528** -.015 .146** 
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School 
Total 
Enrollment 
Sig. (2-
tailed) 
. .000 .872 .000 .000 .536 .000 .000 .000 .000 .723 .001 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Minority 
Students 
Correlation 
Coefficient 
.154** 1.000 .109** .444** .594** .061 .420** -.079 .111** .000 -.272** -.160** 
Sig. (2-
tailed) 
.000 . .010 .000 .000 .153 .000 .063 .008 .997 .000 .000 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Male 
Students 
Correlation 
Coefficient 
.007 .109** 1.000 .066 .073 .120** .084* -.097* .087* -.113** -.010 -.015 
Sig. (2-
tailed) 
.872 .010 . .122 .086 .005 .047 .022 .040 .008 .813 .723 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Migrant 
Students 
Correlation 
Coefficient 
.196** .444** .066 1.000 .583** .032 .329** -.130** .073 .068 .057 -.090* 
Sig. (2-
tailed) 
.000 .000 .122 . .000 .451 .000 .002 .083 .109 .176 .035 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Bilingual/T
ransitional 
Students 
Correlation 
Coefficient 
.376** .594** .073 .583** 1.000 .019 .321** -.039 .107* .178** -.125** -.063 
Sig. (2-
tailed) 
.000 .000 .086 .000 . .651 .000 .361 .011 .000 .003 .141 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Correlation 
Coefficient 
-.026 .061 .120** .032 .019 1.000 .292** -.028 .143** -.191** .123** -.029 
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Special 
Education 
Students 
Sig. (2-
tailed) 
.536 .153 .005 .451 .651 . .000 .508 .001 .000 .004 .489 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Free/Reduc
ed Price 
Meals 
Correlation 
Coefficient 
-.316** .420** .084* .329** .321** .292** 1.000 -.250** .014 -.309** -.018 -.215** 
Sig. (2-
tailed) 
.000 .000 .047 .000 .000 .000 . .000 .744 .000 .664 .000 
N 556 556 556 556 556 556 556 556 556 556 555 553 
School 
Percent 
Section 504 
Students 
Correlation 
Coefficient 
.182** -.079 -.097* -.130** -.039 -.028 -.250** 1.000 -.006 .169** .038 .085* 
Sig. (2-
tailed) 
.000 .063 .022 .002 .361 .508 .000 . .892 .000 .375 .045 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Percent 
Students in 
Foster Care 
Correlation 
Coefficient 
.350** .111** .087* .073 .107* .143** .014 -.006 1.000 .128** .008 -.018 
Sig. (2-
tailed) 
.000 .008 .040 .083 .011 .001 .744 .892 . .003 .853 .672 
N 559 559 559 559 559 559 556 559 559 559 558 556 
School 
Average 
Number of 
Students 
Per 
Classroom 
Teacher 
Correlation 
Coefficient 
.528** .000 -.113** .068 .178** -.191** -.309** .169** .128** 1.000 .138** .362** 
Sig. (2-
tailed) 
.000 .997 .008 .109 .000 .000 .000 .000 .003 . .001 .000 
N 559 559 559 559 559 559 556 559 559 559 558 556 
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School 
Teacher 
Average 
Years of 
Educational 
Experience 
Correlation 
Coefficient 
-.015 -.272** -.010 .057 -.125** .123** -.018 .038 .008 .138** 1.000 .326** 
Sig. (2-
tailed) 
.723 .000 .813 .176 .003 .004 .664 .375 .853 .001 . .000 
N 558 558 558 558 558 558 555 558 558 558 558 555 
School 
Percent of 
Teachers 
Holding at 
Min. MA 
Degree 
Correlation 
Coefficient 
.146** -.160** -.015 -.090* -.063 -.029 -.215** .085* -.018 .362** .326** 1.000 
Sig. (2-
tailed) 
.001 .000 .723 .035 .141 .489 .000 .045 .672 .000 .000 . 
N 556 556 556 556 556 556 553 556 556 556 555 556 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Table F10 
 
Chi-Square Tests for Categorical Predictor Variables 
 
 Value df 
Asymptotic 
Significance 
(2-sided) 
Pearson Chi-Square 118.776a 8 .000 
Likelihood Ratio 88.847 8 .000 
Linear-by-Linear 
Association 
47.818 1 .000 
N of Valid Cases 559   
a. 12 cells (66.7%) have expected count less than 5. The 
minimum expected count is .13. 
 
 
Table F11 
 
School Type Coded * College Program Yes(1) or No(0) Crosstabulation 
 
 
College Program Yes(1) or 
No(0) 
Total 
No College-
Level Program 
1 or More 
College-Level 
Program 
School 
Type 
Coded 
Tribal Count 2 2 4 
Expected Count .5 3.5 4.0 
% within School Type 
Coded 
50.0% 50.0% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
2.7% 0.4% 0.7% 
Adjusted Residual 2.2 -2.2  
Tribal 
Agency 
Count 0 1 1 
Expected Count .1 .9 1.0 
% within School Type 
Coded 
0.0% 100.0% 100.0% 
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% within College 
Program Yes(1) or 
No(0) 
0.0% 0.2% 0.2% 
Adjusted Residual -.4 .4  
Online 
School 
Count 0 1 1 
Expected Count .1 .9 1.0 
% within School Type 
Coded 
0.0% 100.0% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
0.0% 0.2% 0.2% 
Adjusted Residual -.4 .4  
Institution Count 3 0 3 
Expected Count .4 2.6 3.0 
% within School Type 
Coded 
100.0% 0.0% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
4.1% 0.0% 0.5% 
Adjusted Residual 4.4 -4.4  
Homeschool 
Partnership 
Count 6 14 20 
Expected Count 2.6 17.4 20.0 
% within School Type 
Coded 
30.0% 70.0% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
8.1% 2.9% 3.6% 
Adjusted Residual 2.3 -2.3  
Special 
Education 
Count 3 0 3 
Expected Count .4 2.6 3.0 
% within School Type 
Coded 
100.0% 0.0% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
4.1% 0.0% 0.5% 
Adjusted Residual 4.4 -4.4  
Reengageme
nt 
Count 11 5 16 
Expected Count 2.1 13.9 16.0 
238 
 
 
 
% within School Type 
Coded 
68.8% 31.3% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
14.9% 1.0% 2.9% 
Adjusted Residual 6.6 -6.6  
"Alternative" 
Public HS 
Count 30 118 148 
Expected Count 19.6 128.4 148.0 
% within School Type 
Coded 
20.3% 79.7% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
40.5% 24.3% 26.5% 
Adjusted Residual 2.9 -2.9  
"Traditional" 
Public HS 
Count 19 344 363 
Expected Count 48.1 314.9 363.0 
% within School Type 
Coded 
5.2% 94.8% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
25.7% 70.9% 64.9% 
Adjusted Residual -7.6 7.6  
Total Count 74 485 559 
Expected Count 74.0 485.0 559.0 
% within School Type 
Coded 
13.2% 86.8% 100.0% 
% within College 
Program Yes(1) or 
No(0) 
100.0% 100.0% 100.0% 
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Figure F1. Presence or absence of College programs by school type coded. 
240 
Figure F2. School Type Coded by Presence or Absence of college programs. 
Table F12 
Chi-Square Tests 
Value df 
Asympto
tic 
Significa
nce (2-
sided) 
Pearson Chi-
Square 
67.98
3a 
7 .000 
Likelihood Ratio 51.65
2 
7 .000 
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Linear-by-
Linear 
Association 
40.68
7 
1 .000 
N of Valid Cases 559   
a. 9 cells (56.3%) have expected count less 
than 5. The minimum expected count is 
.26. 
 
Table F13 
 
Grade Span Coded * College Program Yes(1) or No(0) 
Crosstabulation 
 
 
College Program 
Yes(1) or No(0) 
Total 
No 
College-
Level 
Program 
1 or More 
College-
Level 
Program 
Grad
e 
Span 
Code
d 
Virtual Count 2 0 2 
Expected 
Count 
.3 1.7 2.0 
% within 
Grade Span 
Coded 
100.0% 0.0% 100.0
% 
% within 
College 
Program 
Yes(1) or 
No(0) 
2.7% 0.0% 0.4% 
Adjusted 
Residual 
3.6 -3.6  
Alternat
ive 
Count 3 2 5 
Expected 
Count 
.7 4.3 5.0 
% within 
Grade Span 
Coded 
60.0% 40.0% 100.0
% 
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% within 
College 
Program 
Yes(1) or 
No(0) 
4.1% 0.4% 0.9% 
Adjusted 
Residual 
3.1 -3.1  
Special 
Educati
on 
Count 2 0 2 
Expected 
Count 
.3 1.7 2.0 
% within 
Grade Span 
Coded 
100.0% 0.0% 100.0
% 
% within 
College 
Program 
Yes(1) or 
No(0) 
2.7% 0.0% 0.4% 
Adjusted 
Residual 
3.6 -3.6  
11th-
12th 
Count 3 1 4 
Expected 
Count 
.5 3.5 4.0 
% within 
Grade Span 
Coded 
75.0% 25.0% 100.0
% 
% within 
College 
Program 
Yes(1) or 
No(0) 
4.1% 0.2% 0.7% 
Adjusted 
Residual 
3.7 -3.7  
10th-
12th 
Grades 
Count 0 21 21 
Expected 
Count 
2.8 18.2 21.0 
% within 
Grade Span 
Coded 
0.0% 100.0% 100.0
% 
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% within 
College 
Program 
Yes(1) or 
No(0) 
0.0% 4.3% 3.8% 
Adjusted 
Residual 
-1.8 1.8  
5/6/7/8t
h-12th 
Grades 
Count 19 69 88 
Expected 
Count 
11.6 76.4 88.0 
% within 
Grade Span 
Coded 
21.6% 78.4% 100.0
% 
% within 
College 
Program 
Yes(1) or 
No(0) 
25.7% 14.2% 15.7% 
Adjusted 
Residual 
2.5 -2.5  
pK/K-
12th 
Grades 
Count 14 55 69 
Expected 
Count 
9.1 59.9 69.0 
% within 
Grade Span 
Coded 
20.3% 79.7% 100.0
% 
% within 
College 
Program 
Yes(1) or 
No(0) 
18.9% 11.3% 12.3% 
Adjusted 
Residual 
1.8 -1.8  
9th-
12th 
Grades 
Count 31 337 368 
Expected 
Count 
48.7 319.3 368.0 
% within 
Grade Span 
Coded 
8.4% 91.6% 100.0
% 
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% within 
College 
Program 
Yes(1) or 
No(0) 
41.9% 69.5% 65.8% 
Adjusted 
Residual 
-4.7 4.7  
Total Count 74 485 559 
Expected 
Count 
74.0 485.0 559.0 
% within 
Grade Span 
Coded 
13.2% 86.8% 100.0
% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 100.0% 100.0
% 
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Figure F3. Presence or absence of college programs by grade span coded. 
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Figure F4. Grade span coded by presence or absence of college level programs. 
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Table F14 
 
School Type Coded * College Program Yes(1) or No(0) * Grade Span Coded 
Crosstabulation 
 
Grade Span Coded 
College Program Yes(1) or 
No(0) Total 
No College-
Level 
Program 
1 or More 
College-
Level 
Program  
Virtual School 
Type 
Coded 
Homeschool 
Partnership 
Count 2  2 
Expected 
Count 
2.0  2.0 
% within 
School Type 
Coded 
100.0% 
 
100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 
 
100.0% 
Adjusted 
Residual 
.   
Total Count 2  2 
Expected 
Count 
2.0  2.0 
% within 
School Type 
Coded 
100.0% 
 
100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 
 
100.0% 
Alternativ
e 
School 
Type 
Coded 
Institution Count 1 0 1 
Expected 
Count 
.6 .4 1.0 
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% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
33.3% 0.0% 20.0% 
Adjusted 
Residual 
.9 -.9  
Reengageme
nt 
Count 2 0 2 
Expected 
Count 
1.2 .8 2.0 
% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
66.7% 0.0% 40.0% 
Adjusted 
Residual 
1.5 -1.5  
"Alternative
" Public HS 
Count 0 2 2 
Expected 
Count 
1.2 .8 2.0 
% within 
School Type 
Coded 
0.0% 100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
0.0% 100.0% 40.0% 
Adjusted 
Residual 
-2.2 2.2  
Total Count 3 2 5 
Expected 
Count 
3.0 2.0 5.0 
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% within 
School Type 
Coded 
60.0% 40.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 100.0% 100.0% 
Special 
Education 
School 
Type 
Coded 
Special 
Education 
Count 1  1 
Expected 
Count 
1.0  1.0 
% within 
School Type 
Coded 
100.0% 
 
100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
50.0% 
 
50.0% 
Adjusted 
Residual 
.   
"Traditional
" Public HS 
Count 1  1 
Expected 
Count 
1.0  1.0 
% within 
School Type 
Coded 
100.0% 
 
100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
50.0% 
 
50.0% 
Adjusted 
Residual 
.   
Total Count 2  2 
Expected 
Count 
2.0  2.0 
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% within 
School Type 
Coded 
100.0% 
 
100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 
 
100.0% 
11th-12th School 
Type 
Coded 
Homeschool 
Partnership 
Count 2 0 2 
Expected 
Count 
1.5 .5 2.0 
% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
66.7% 0.0% 50.0% 
Adjusted 
Residual 
1.2 -1.2  
"Alternative
" Public HS 
Count 1 0 1 
Expected 
Count 
.8 .3 1.0 
% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
33.3% 0.0% 25.0% 
Adjusted 
Residual 
.7 -.7  
"Traditional
" Public HS 
Count 0 1 1 
Expected 
Count 
.8 .3 1.0 
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% within 
School Type 
Coded 
0.0% 100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
0.0% 100.0% 25.0% 
Adjusted 
Residual 
-2.0 2.0  
Total Count 3 1 4 
Expected 
Count 
3.0 1.0 4.0 
% within 
School Type 
Coded 
75.0% 25.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 100.0% 100.0% 
10th-12th 
Grades 
School 
Type 
Coded 
"Alternative
" Public HS 
Count  4 4 
Expected 
Count 
 4.0 4.0 
% within 
School Type 
Coded 
 
100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
 
19.0% 19.0% 
Adjusted 
Residual 
 .  
"Traditional
" Public HS 
Count  17 17 
Expected 
Count 
 17.0 17.0 
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% within 
School Type 
Coded 
 
100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
 
81.0% 81.0% 
Adjusted 
Residual 
 .  
Total Count  21 21 
Expected 
Count 
 21.0 21.0 
% within 
School Type 
Coded 
 
100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
 
100.0% 100.0% 
5/6/7/8th-
12th 
Grades 
School 
Type 
Coded 
Institution Count 1 0 1 
Expected 
Count 
.2 .8 1.0 
% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
5.3% 0.0% 1.1% 
Adjusted 
Residual 
1.9 -1.9  
Homeschool 
Partnership 
Count 1 0 1 
Expected 
Count 
.2 .8 1.0 
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% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
5.3% 0.0% 1.1% 
Adjusted 
Residual 
1.9 -1.9  
Special 
Education 
Count 1 0 1 
Expected 
Count 
.2 .8 1.0 
% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
5.3% 0.0% 1.1% 
Adjusted 
Residual 
1.9 -1.9  
"Alternative
" Public HS 
Count 10 21 31 
Expected 
Count 
6.7 24.3 31.0 
% within 
School Type 
Coded 
32.3% 67.7% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
52.6% 30.4% 35.2% 
Adjusted 
Residual 
1.8 -1.8  
"Traditional
" Public HS 
Count 6 48 54 
Expected 
Count 
11.7 42.3 54.0 
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% within 
School Type 
Coded 
11.1% 88.9% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
31.6% 69.6% 61.4% 
Adjusted 
Residual 
-3.0 3.0  
Total Count 19 69 88 
Expected 
Count 
19.0 69.0 88.0 
% within 
School Type 
Coded 
21.6% 78.4% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 100.0% 100.0% 
pK/K-12th 
Grades 
School 
Type 
Coded 
Tribal Count 2 2 4 
Expected 
Count 
.8 3.2 4.0 
% within 
School Type 
Coded 
50.0% 50.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
14.3% 3.6% 5.8% 
Adjusted 
Residual 
1.5 -1.5  
Tribal 
Agency 
Count 0 1 1 
Expected 
Count 
.2 .8 1.0 
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% within 
School Type 
Coded 
0.0% 100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
0.0% 1.8% 1.4% 
Adjusted 
Residual 
-.5 .5  
Online 
School 
Count 0 1 1 
Expected 
Count 
.2 .8 1.0 
% within 
School Type 
Coded 
0.0% 100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
0.0% 1.8% 1.4% 
Adjusted 
Residual 
-.5 .5  
Homeschool 
Partnership 
Count 1 6 7 
Expected 
Count 
1.4 5.6 7.0 
% within 
School Type 
Coded 
14.3% 85.7% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
7.1% 10.9% 10.1% 
Adjusted 
Residual 
-.4 .4  
Special 
Education 
Count 1 0 1 
Expected 
Count 
.2 .8 1.0 
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% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
7.1% 0.0% 1.4% 
Adjusted 
Residual 
2.0 -2.0  
"Alternative
" Public HS 
Count 4 30 34 
Expected 
Count 
6.9 27.1 34.0 
% within 
School Type 
Coded 
11.8% 88.2% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
28.6% 54.5% 49.3% 
Adjusted 
Residual 
-1.7 1.7  
"Traditional
" Public HS 
Count 6 15 21 
Expected 
Count 
4.3 16.7 21.0 
% within 
School Type 
Coded 
28.6% 71.4% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
42.9% 27.3% 30.4% 
Adjusted 
Residual 
1.1 -1.1  
Total Count 14 55 69 
Expected 
Count 
14.0 55.0 69.0 
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% within 
School Type 
Coded 
20.3% 79.7% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 100.0% 100.0% 
9th-12th 
Grades 
School 
Type 
Coded 
Institution Count 1 0 1 
Expected 
Count 
.1 .9 1.0 
% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
3.2% 0.0% 0.3% 
Adjusted 
Residual 
3.3 -3.3  
Homeschool 
Partnership 
Count 0 8 8 
Expected 
Count 
.7 7.3 8.0 
% within 
School Type 
Coded 
0.0% 100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
0.0% 2.4% 2.2% 
Adjusted 
Residual 
-.9 .9  
Reengageme
nt 
Count 9 5 14 
Expected 
Count 
1.2 12.8 14.0 
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% within 
School Type 
Coded 
64.3% 35.7% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
29.0% 1.5% 3.8% 
Adjusted 
Residual 
7.7 -7.7  
"Alternative
" Public HS 
Count 15 61 76 
Expected 
Count 
6.4 69.6 76.0 
% within 
School Type 
Coded 
19.7% 80.3% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
48.4% 18.1% 20.7% 
Adjusted 
Residual 
4.0 -4.0  
"Traditional
" Public HS 
Count 6 263 269 
Expected 
Count 
22.7 246.3 269.0 
% within 
School Type 
Coded 
2.2% 97.8% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
19.4% 78.0% 73.1% 
Adjusted 
Residual 
-7.1 7.1  
Total Count 31 337 368 
Expected 
Count 
31.0 337.0 368.0 
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% within 
School Type 
Coded 
8.4% 91.6% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 100.0% 100.0% 
Total School 
Type 
Coded 
Tribal Count 2 2 4 
Expected 
Count 
.5 3.5 4.0 
% within 
School Type 
Coded 
50.0% 50.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
2.7% 0.4% 0.7% 
Adjusted 
Residual 
2.2 -2.2  
Tribal 
Agency 
Count 0 1 1 
Expected 
Count 
.1 .9 1.0 
% within 
School Type 
Coded 
0.0% 100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
0.0% 0.2% 0.2% 
Adjusted 
Residual 
-.4 .4  
Online 
School 
Count 0 1 1 
Expected 
Count 
.1 .9 1.0 
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% within 
School Type 
Coded 
0.0% 100.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
0.0% 0.2% 0.2% 
Adjusted 
Residual 
-.4 .4  
Institution Count 3 0 3 
Expected 
Count 
.4 2.6 3.0 
% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
4.1% 0.0% 0.5% 
Adjusted 
Residual 
4.4 -4.4  
Homeschool 
Partnership 
Count 6 14 20 
Expected 
Count 
2.6 17.4 20.0 
% within 
School Type 
Coded 
30.0% 70.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
8.1% 2.9% 3.6% 
Adjusted 
Residual 
2.3 -2.3  
Special 
Education 
Count 3 0 3 
Expected 
Count 
.4 2.6 3.0 
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% within 
School Type 
Coded 
100.0% 0.0% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
4.1% 0.0% 0.5% 
Adjusted 
Residual 
4.4 -4.4  
Reengageme
nt 
Count 11 5 16 
Expected 
Count 
2.1 13.9 16.0 
% within 
School Type 
Coded 
68.8% 31.3% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
14.9% 1.0% 2.9% 
Adjusted 
Residual 
6.6 -6.6  
"Alternative
" Public HS 
Count 30 118 148 
Expected 
Count 
19.6 128.4 148.0 
% within 
School Type 
Coded 
20.3% 79.7% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
40.5% 24.3% 26.5% 
Adjusted 
Residual 
2.9 -2.9  
"Traditional
" Public HS 
Count 19 344 363 
Expected 
Count 
48.1 314.9 363.0 
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% within 
School Type 
Coded 
5.2% 94.8% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
25.7% 70.9% 64.9% 
Adjusted 
Residual 
-7.6 7.6  
Total Count 74 485 559 
Expected 
Count 
74.0 485.0 559.0 
% within 
School Type 
Coded 
13.2% 86.8% 100.0% 
% within 
College 
Program 
Yes(1) or 
No(0) 
100.0% 100.0% 100.0% 
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Appendix G: Raw GLMM SPSS Statistics Output 
264 
 
 
 
 
265 
 
 
 
 
266 
 
 
 
 
267 
 
 
 
 
268 
 
 
 
 
269 
 
 
 
 
 
270 
 
 
 
 
271 
 
 
 
 
272 
 
 
 
 
 
 
 
273 
 
 
 
 
 
274 
 
 
 
 
275 
 
 
 
 
276 
 
 
 
 
277 
 
 
 
 
278 
 
 
 
 
279 
 
 
 
 
280 
 
 
 
 
281 
 
 
 
 
282 
 
 
 
 
 
283 
 
 
 
 
284 
 
 
 
 
285 
 
 
 
 
 
286 
 
 
 
 
287 
 
 
 
 
288 
289 
 
 
 
 
 
290 
 
 
 
 
 
 
 
 
291 
 
 
 
 
 
292 
 
 
 
 
 
293 
 
 
 
 
294 
 
 
 
 
295 
 
 
 
 
296 
 
 
  
297 
 
 
 
 
298 
 
 
 
 
299 
 
 
 
 
300 
 
 
 
 
 
301 
 
 
 
 
302 
 
 
 
 
 
303 
 
 
 
 
304 
 
 
 
 
 
305 
 
 
 
 
 
 
306 
 
 
 
 
307 
 
 
 
 
308 
 
 
 
 
 
 
 
 
309 
 
 
 
 
 
 
 
 
 
 
310 
 
 
 
311 
 
 
 
 
312 
 
 
 
 
313 
 
 
 
 
314 
 
 
  
315 
 
 
 
 
316 
 
 
 
 
317 
 
 
 
318 
 
 
 
 
319 
 
 
 
 
 
 
320 
 
 
 
 
 
321 
 
 
 
 
322 
 
 
 
 
323 
 
 
 
 
  
324 
 
 
 
 
 
325 
 
 
 
 
 
326 
 
 
 
 
327 
 
 
 
328 
 
 
 
 
 
329 
330 
331 
332 
 
 
 
333 
 
 
 
 
334 
 
 
 
 
335 
 
 
  
336 
 
 
 
Appendix H: SPSS Entry Method 
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